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RRTFF ON APPF AT 

Sir: 

This Appeal Brief was originally filed on December 4, 2006, and is being resubmitted 
with a revised "Argument" section, as required in the Office communication mailed on March 9, 
2007. A request for an extension of time accompanies this Appeal Brief. 

This is an appeal from the final rejection of claims 10-22, as included in the Final Office 
Action mailed by the U.S. Patent and Trademark Office on February 2, 2006. 

BRTFF ON APPFATFFF 

Authorization to charge Deposit Account No. 04-1 105 for $500.00, covering the appeal 
brief fee, was provided previously. However, if for any reason a fee is required, a fee paid is 
inadequate or credit is owed for any excess fee paid, the Commissioner is hereby authorized and 
requested to charge Deposit Account No. 04-1105. 
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Claims Appendix: Claims 10-22 on appeal 

Evidence Appendix: (A) Copy of U.S. Patent No. 5,714,222 to Yokoyama et al 

(B) Copy of U.S. Patent No. 5,674,649 to Yoshioka et al. 

(C) Copy of U.S. Patent No. 5,102,709 to Tachibana et al. 

(D) Copy of EP 1031972 to Tajima et al. 

(E) Portion of "Preliminary Amendment (Filed With Request for 
Continued Examination)" filed on March 22, 2005. 

(F) Portion of "Response to Non-final Office Action" dated 
January 26, 2006. 
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REAL PARTY TN INTEREST 

The real party in interest is Sharp Kabushiki Kaisha. The assignment of the inventors to 
this corporation was recorded on November 15, 2001, at Reel 012355, Frame 0205. 
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RELATED APPEALS AND INTFftFFKFNrFS 

There are no related appeals or interferences known to Appellants, Appellants* legal 
representative, or the assignee which will directly affect or be directly affected by or have a 
bearing on the Board's decision in the pending appeal. However, certain related issues were 
raised by the appeal filed in co-owned application serial no. 10/002,952. 
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STATUS OF CT,ATMS 

Claims 1-22 have been presented in this application. Claims 1-9 have been cancelled. 
Claims 10-22 stand finally rejected. Claims 10-22 are appealed. See the Claims Appendix 
attached hereto. 
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STATUS OF AMENDMENTS 

No amendments were filed after final rejection. 

A clean set of the claims on appeal is set forth in the Claims Appendix hereto. 



Appellants: N. Takamori et al. 
U.S. Serial No. 10/002,949 
Brief on Appeal 
Page 7 of 32 

summary of CLAIMED SUBJECT mattfr 

Independent claims 10, 14 and 18 are pending in the application. 

The present invention provides optical data recording medium which are resistant to 
deformation (e.g., warp) due to changes in temperature. More particularly, the present invention 
provides optical data recording media in which the expansion coefficient of the protective film 
and the transparent substrate are regulated to prevent a bending force that can induce a warp or 
bend in the medium (see, e.g., page 6, lines 10-13). The present inventors have discovered that 
selecting the materials used in the protective layer and the transparent substrate provides superior 
thermal stability and reduced medium deformation. 

Independent claim 10 recites an optical data recording medium comprising a 
transparent substrate, a thin film layer formed on the transparent substrate and a protective 
film which is mainly comprised of a resin and formed on the thin film layer for protecting 
the thin film layer, wherein the thin film layer is a single layered or multilayered film 
including at least any one of a dielectric film, a recording film and a reflective film (see, e.g., 
page 6, lines 14-21). In claim 10, at least either one of a linear expansion coefficient and a 
Young's modulus of the protective film is greater than that of the transparent substrate, and 
the linear expansion coefficient of the protective film is greater than 9.5 x 10" 5 (1/°C) (see, 
e.g., page 21, lines 10-18, and Figure 5) and smaller than 5.0 x 10" 4 (1/°C), and an expansion 
coefficient under humidity of the protective film is 1.7 x 10' 4 (l/%) or smaller (see, e.g., page 
27, lines 18-19). 

Independent claim 14 recites an optical data recording medium, comprising a 
transparent substrate, a thin film layer formed on the transparent substrate and a protective 
film which is mainly comprised of a resin and formed on the thin film layer for protecting 
the thin film layer, wherein a Young's modulus of the transparent substrate is smaller than 
10.0 x 10 9 (Pa), and the thin film layer is a single layered or multilayered film. In claim 14, 
at least either one of a linear expansion coefficient and a Young's modulus of the protective 
film is greater than that of the transparent substrate, and the linear expansion coefficient of 
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the protective film is greater than 9.5 x 10~ 5 (1/°C) and smaller than 5.0 x 10~ 4 (1/°C), and an 
expansion coefficient under humidity of the protective film is 1.7 x 10" 4 (l/%) or smaller 
(see, e.g., page 27, lines 18-19). 

Independent claim 18 recites a method of selecting a protective film in an optical data 
recording medium, the optical data recording medium comprising a transparent substrate, a 
thin film layer formed on the transparent substrate and a protective film which is mainly 
comprised of a resin and formed on the thin film layer for protecting the thin film layer, 
wherein the transparent substrate has a Young's modulus smaller than 10.0 x 10 9 (Pa), and 
wherein the thin film layer is a single layered or multilayered film including at least any one 
of a dielectric film, a recording film and a reflective film and the transparent substrate is 
made of a polycarbonate or a polyolefin with a thickness of 0.5 mm. The method includes 
the steps of: 

determining the linear expansion coefficient of a material for making the protective 
film; and 

selecting the material for making the protective film such that at least either one of a 
linear expansion coefficient and a Young's modulus of the protective film is greater than that 
of the transparent substrate and the linear expansion coefficient of the protective film is 
greater than 9.5 x 10" 5 (1/°C) and smaller than 5.0 x 10" 4 (1/°C) (see, e.g., page 27, lines 18- 
19, and original claims 7 and 8). 
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CROTTNnS OF RF TFCTTON TO RF WFVIFWFn ON APPF Al 

The grounds of rejection to be reviewed on appeal are: 

(1) Whether claims 10-16 are unpatentable under 35 USC §102(b) over U.S. Patent No. 
5,714,222 to Yokoyama et al. (hereinafter "Yokoyama"). 

(2) Whether claims 10-16 are unpatentable under 35 USC §102(b) over U.S. Patent No. 
5,674,649 to Yoshioka et al. (hereinafter "Yoshioka"). 

(3) Whether claims 10-16 are unpatentable under 35 USC §102(b) over U.S. Patent No. 
5,102,709 to Tachibana et al. (hereinafter "Tachibana"). 

(4) Whether claims 10-17 and 22 are unpatentable under 35 USC §103(a) over 
Tachibana. 

(5) Whether claims 10-22 are unpatentable under 35 USC § 103(a) over EP 103 1972 to 
Tajima et al. (hereinafter "Tajima"). 
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ARGUMENT 
1. Brief summary of argument 

Three Section 102(b) rejections and two Section 103(a) rejections are outstanding in this 
case. The rejections cannot be sustained. 

The cited documents do not disclose or otherwise suggest (explicitly or inherently) 
Appellant's claimed invention. In particular, the documents do not disclose optical recording 
media according to the pending claims, in which either one of a linear expansion coefficient 
and a Young's modulus of a protective film is greater than that of a transparent substrate, 
and the linear expansion coefficient of the protective film has a predetermined value. 

The rejected claims do not stand or fall together since certain claims are considered 
separately patentable. Appellant submits that all of the claims under appeal are patentable 
including for reasons set forth below. 
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2. Examiner's position 

The Examiner has stated that each of the Yokoyama, Yoshioka, Tachibana and Tajima 
references describes all the features of certain of the pending claims and/or renders obvious the 
pending claims. The Examiner concedes that the references do not explicitly describe optical 
media having the claimed properties, but the Examiner has taken the position that the references 
inherently disclose optical recording media having the properties of Appellant's claimed media. 

For example, the Examiner states that "the position of the examiner is that the resins of 
the prior art inherently have the recited properties and is congruent with the specification of the 
applicant." See page 4 of the Final Office Action dated February 2, 2006. 

3. Appellant's arguments 

A. Claims 10-16 are not unpatentable under 35 USC §102(b) over U.S. Patent 
No. 5,714,222 to Yokoyama et al. 

i. The Yokoyama reference does not disclose all the features of the claimed 
invention, explicitly or inherently. 

The Yokoyama reference is directed to optical recording media having a protective layer 
or layers over a recording layer. According to Yokoyama, the protective layer is formed by spin- 
coating the protective layer over the substrate (see, e.g., the Abstract). The protective layer may 
be formed from epoxyacrylate resins or urethane acrylate resins. Yokoyama does not describe 
the expansion properties of any layer of the recited overcoating and more particularly does not 
teach or suggest controlling the warp or tilt of the optical recording media by modulating the 
linear expansion coefficient of one or more of the layers constituting the optical recording media. 

ii. The Yokoyama reference neither anticipates nor renders obvious th e pending 

claims. 

Claims 10-16 stand rejected over the Yokoyama reference, the teachings of which are 
described above. The rejection is traversed. 
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It is well-established that a claim is anticipated only if each and every element or feature 
of a claim is expressly or inherently described in a single prior art reference. See, e.g., MPEP 
2131. 

In the present case, the Examiner appears to agree that the Yokoyama reference does not 
expressly disclose all the elements of the presently-claimed invention. The Examiner 
nevertheless rejected the claims because "[t]he position of the Examiner is that the resins of the 
prior art inherently have the recited properties." Final Office Action at page 4. 

Inherency, however, may not be established by probabilities or possibilities." MPEP 
21 12(IV), citing In re Robertson, 169 F.3d 743, 745 (Fed. Cir. 1999) (citations omitted) 
(emphasis added). 

The Examiner further states that "applicant argues that various polycarbonates are known 
and that the polycarbonates used by Yokoyama '222 are necessarily similar enough to those of the 
instant specification to have the recited properties." Appellants believe that this statement should 
read "... the polycarbonates used by Yokoyama '222 are not necessarily similar enough to those 
of the instant specification to have the recited properties;" the statement as originally quoted is 
not Appellants 1 position at all. Indeed, Appellants do consider that the materials disclosed by 
Yokoyama do not necessarily have the properties recited in the present claims, and therefore 
cannot anticipate the pending claims. 

The Examiner also states that "urethane, epoxy, polyester and polyether acrylates are 
disclosed as useful and meeting the material limitation of the claims in the instant 
specification. . ." Final Office Action at page 3. 

The Examiner appears to take the position that all urethane, epoxy, polyester and 
polyether acrylates which can be used in optical recording media inherently possess linear 
expansion coefficient and/or expansion coefficient under humidity and/or Young's modulus 
values specified in the pending claims. 

Appellants respectfully contend that a mere assertion that a property is inherent is 
insufficient to prove that a reference is anticipatory. Although Appellants agree that certain 
urethane, epoxy, polyester or polyether acrylate materials are useful in the present invention, the 
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pending claims further require that each material used in the protective layer or the transparent 
substrate possess specified values for the properties recited in the pending claims. Thus, the 
instant invention contemplates fabrication of the transparent substrate and protective layer from 
materials such as urethane, epoxy, polyester or polyether acrylate materials (or polyolefin or 
polycarbonate) which possess the requisite linear expansion coefficient and Young's modulus 
(e.g., as specified in independent claim 10 and claims dependent therefrom) or linear expansion 
coefficient, Young's modulus, and expansion coefficient under humidity (e.g., as specified in 
independent claim 14 and the claims dependent therefrom). While the Examiner states that 
"urethane, epoxy, polyester and polyether acrylates are disclosed as useful and meeting the 
material limitation of the claims," Appellants contend that the instant specification does not 
suggest that all polyester, epoxy, urethane or polyether acrylates are useful in the present 
invention. Rather, the present specification teaches that those materials meeting specified 
limitations of linear expansion coefficient, Young's modulus, and/or expansion coefficient under 
humidity, are useful in the claimed invention. 

The claimed invention of claims 10-14 provides that the material of the protective film 
has at least one of a linear expansion coefficient and a Young's modulus value greater than that of 
the transparent substrate and that the linear expansion coefficient of the protective film is greater 
than 9.5 xlO' 5 (1/°C) and smaller than 5.0 xlO" 4 (1/°C). The claimed invention of claims 14- 
16 provides that the material of the protective film has at least one of a linear expansion 
coefficient and a Young's modulus value greater than that of the transparent substrate and that the 
linear expansion coefficient of the protective film is greater than 9.5 x 10" 5 (1/°C) and smaller 
than 5.0 xlO" 4 (1/°C) and an expansion coefficient under humidity of the protective film is 
1 .70 x 1 0~ 4 (1/%) or smaller. As disclosed by the present specification, optical data recording 
media which satisfy the above requirements are particularly resistant to deformation or warpage. 

For a reference to inherently disclose a feature not expressly disclosed, extrinsic evidence 
can be used to supply the missing feature if the extrinsic evidence "make[s] clear that the missing 
descriptive matter is necessarily present in the thing described in the reference and that it would 
be so recognized by persons of ordinary skill in the art. However, the Examiner has not provided 
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any extrinsic evidence that Yokoyama discloses all the features of the claimed invention. 

The Yokoyama reference does not disclose materials having the characteristics of the 
claimed optical recording medium. Moreover, no extrinsic evidence has been presented to show 
or establish that the protective layers or transparent substrates of the optical recording media of 
Yokoyama necessarily possess the characteristics recited in claims 10 and 14 (and the claims 
dependent thereupon). 

Appellants respectfully submit that the materials disclosed in the Yokoyama reference do 
not necessarily possess the properties of the claimed invention. Materials described in similar 
general terms can and often do have quite different properties, including different linear 
expansion coefficient, Young's modulus and/or expansion coefficient under humidity. It is clear 
that a reference disclosing a urethane acrylate, epoxy acrylate, or polyester or polyether 
acrylate would not necessarily provide a disclosure of a material having the claimed expansion 
coefficient under humidity. 

B. Claims 10-16 are not unpatentable under 35 USC §102(b) over U.S. Patent 
No. 5,674,649 to Yoshioka et al. 

i. The Yoshioka reference does not disclose all the features of the claimed 
invention, explicitly or inherently, 

The Yoshioka reference is directed to optical recording media having a recording layer 
which becomes amorphous with increased temperature and then melts and quenches by 
absorbing laser energy (see, e.g., Col. 2, lines 21-35). According to Yoshioka, the optical 
recording medium optionally includes an "overcoat protective layer" (see, e.g., Col. 2, lines 50- 
52). 

Yoshioka does not describe the expansion properties of any layer of the recited 
overcoating and more particularly does not teach or suggest controlling the warp or tilt of the 
optical recording media by modulating the linear expansion coefficient of one or more of the 
layers constituting the optical recording media. The Yoshioka reference does not expressly 
disclose any linear expansion coefficient for the protective coatings therein. 
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ii. The Yoshioka reference neither anticipates nor renders obvious the pending 

claims. 

Claims 10-16 stand rejected over the Yoshioka reference, the teachings of which are 
described above. The rejection is traversed. 

It is well-established that a claim is anticipated only if each and every element or feature 
of a claim is expressly or inherently described in a single prior art reference. See, e.g., MPEP 
2131. 

In the present case, the Examiner appears to agree that the Yoshioka reference does not 
expressly disclose all the elements of the presently-claimed invention. The Examiner refers to 
Yoshioka as disclosing an optical recording medium "coated with a UV cured urethane-acrylate." 
Final Office Action at page 5. The Examiner rejected the claims over Yoshioka "for the reasons 
provided above [with respect to Yokoyama]." Final Office Action at page 5. 

This rejection fails for at least the reason described above. As with the Yokoyama 
reference, the Examiner also states that "urethane, epoxy, polyester and polyether acrylates are 
disclosed as useful and meeting the material limitation of the claims in the instant 
specification. . ." Final Office Action at page 5. 

The Examiner appears to take the position that all urethane, epoxy, polyester and 
polyether acrylates which can be used in optical recording media inherently possess linear 
expansion coefficient and/or expansion coefficient under humidity and/or Young f s modulus 
values specified in the pending claims. 

Appellants respectfully contend that a mere assertion that a property is inherent is 
insufficient to prove that a reference is anticipatory. While the Examiner states that "urethane, 
epoxy, polyester and polyether acrylates are disclosed as useful and meeting the material 
limitation of the claims," Appellants contend that the instant specification does not suggest that 
all polyester, epoxy, urethane or polyether acrylates are useful in the present invention. Rather, 
the present specification teaches that those materials meeting specified limitations of linear 
expansion coefficient, Young's modulus, and/or expansion coefficient under humidity, are useful 
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in the claimed invention. 

The claimed invention of claims 10-14 provides that the material of the protective film 
has at least one of a linear expansion coefficient and a Young's modulus value greater than that of 
the transparent substrate and that the linear expansion coefficient of the protective film is greater 
than 9.5 xlO 5 (1/°C) and smaller than 5.0 *10" 4 (1/°C). The claimed invention of claims 14- 
16 provides that the material of the protective film has at least one of a linear expansion 
coefficient and a Young's modulus value greater than that of the transparent substrate and that the 
linear expansion coefficient of the protective film is greater than 9.5 x 1 0" 5 (1/°C) and smaller 
than 5.0 xlO" 4 (1/°C) and an expansion coefficient under humidity of the protective film is 
1 .70 x 10' 4 (1/%) or smaller. As disclosed by the present specification, optical data recording 
media which satisfy the above requirements are particularly resistant to deformation or warpage. 

For a reference to inherently disclose a feature not expressly disclosed, extrinsic evidence 
can be used to supply the missing feature if the extrinsic evidence "make[s] clear that the missing 
descriptive matter is necessarily present in the thing described in the reference and that it would 
be so recognized by persons of ordinary skill in the art. However, the Examiner has not provided 
any extrinsic evidence that Yoshioka discloses all the features of the claimed invention. 

The Yoshioka reference does not disclose materials having the characteristics of the 
claimed optical recording medium. Moreover, no extrinsic evidence has been presented to show 
or establish that the protective layers or transparent substrates of the optical recording media of 
Yoshioka necessarily possess the characteristics recited in claims 10 and 14 (and the claims 
dependent thereupon). 

Appellants respectfully submit that the materials disclosed in the Yoshioka reference do 
not necessarily possess the properties of the claimed invention. Materials described in similar 
general terms can and often do have quite different properties, including different linear 
expansion coefficient, Young's modulus and/or expansion coefficient under humidity. It is clear 
that a reference disclosing a urethane acrylate, epoxy acrylate, or polyester or polyether 
acrylate would not necessarily provide a disclosure of a material having the claimed expansion 
coefficient under humidity. 
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C. Claims 10-16 are not unpatentable under 35 USC §102(b) over U.S. Patent 
No. 5,102,709 to Tachibana et al. 

i. The Tachihana reference does not disclose all the features of the claimed 
invention explicitly or inherently 

The Tachibana reference is directed to optical recording media having a protective layer 
(see, e.g., Col. 2, lines 20-29). According to Tachibana, the protective layer or "resinous 
protective layer" can include a cured film of a photocurable resin including a polyfunctional 
acrylate compound and/or a urethane acrylate compound (see, e.g., Col. 2, lines 30-40). 
Tachibana does not describe the expansion properties of any layer of the recited overcoating and 
more particularly does not teach or suggest controlling the warp or tilt of the optical recording 
media by modulating the linear expansion coefficient of one or more of the layers constituting 
the optical recording media. The Tachibana reference does not expressly disclose any linear 
expansion coefficient for the protective coatings therein. 

ii. The Tachihana reference neither anticipates nor renders ohvions the pending 

claims. 

Claims 10-16 stand rejected over the Tachibana reference, the teachings of which are 
discussed above. The rejection is traversed. 

It is well-established that a claim is anticipated only if each and every element or feature 
of a claim is expressly or inherently described in a single prior art reference. See, e.g., MPEP 
2131. 

In the present case, the Examiner appears to agree that the Tachibana reference does not 
expressly disclose all the elements of the presently-claimed invention. The Examiner refers to 
Tachibana as disclosing an optical recording medium "coated with a UV cured urethane-acrylate 
. . . ." Final Office Action at page 5. The Examiner rejected the claims over Tachibana "for the 
reasons provided above [with respect to Tachibana]." Final Office Action at page 5. 
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This rejection fails for at least the reason described above. As with the Yokoyama and 
Yoshioka references, the Examiner also states that "urethane, epoxy, polyester and polyether 
acrylates are disclosed as useful and meeting the material limitation of the claims in the instant 
specification. . Final Office Action at page 6. 

The Examiner appears to take the position that all urethane, epoxy, polyester and 
polyether acrylates which can be used in optical recording media inherently possess linear 
expansion coefficient and/or expansion coefficient under humidity and/or Young's modulus 
values specified in the pending claims. 

Appellants respectfully contend that a mere assertion that a property is inherent is 
insufficient to prove that a reference is anticipatory. While the Examiner states that "urethane, 
epoxy, polyester and polyether acrylates are disclosed as useful and meeting the material 
limitation of the claims," Appellants contend that the instant specification does not suggest that 
all polyester, epoxy, urethane or polyether acrylates are useful in the present invention. Rather, 
the present specification teaches that those materials meeting specified limitations of linear 
expansion coefficient, Young's modulus, and/or expansion coefficient under humidity, are useful 
in the claimed invention. 

The claimed invention of claims 10-14 provides that the material of the protective film 
has at least one of a linear expansion coefficient and a Young's modulus value greater than that of 
the transparent substrate and that the linear expansion coefficient of the protective film is greater 
than 9.5 xiO' 5 (1/°C) and smaller than 5.0 xlO" 4 (1/°C). The claimed invention of claims 14- 
16 provides that the material of the protective film has at least one of a linear expansion 
coefficient and a Young's modulus value greater than that of the transparent substrate and that the 
linear expansion coefficient of the protective film is greater than 9.5 x 10" 5 (1/°C) and smaller 
than 5.0 xl(T(l/ 0 C) and an expansion coefficient under humidity of the protective film is 
1 .70 x 1 0" 4 (1/%) or smaller. As disclosed by the present specification, optical data recording 
media which satisfy the above requirements are particularly resistant to deformation or warpage. 

For a reference to inherently disclose a feature not expressly disclosed, extrinsic evidence 
can be used to supply the missing feature if the extrinsic evidence "make[s] clear that the missing 
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descriptive matter is necessarily present in the thing described in the reference and that it would 
be so recognized by persons of ordinary skill in the art. However, the Examiner has not provided 
any extrinsic evidence that Tachibana discloses all the features of the claimed invention. 

The Tachibana reference does not disclose materials having the characteristics of the 
claimed optical recording medium. Moreover, no extrinsic evidence has been presented to show 
or establish that the protective layers or transparent substrates of the optical recording media of 
Tachibana necessarily possess the characteristics recited in claims 10 and 14 (and the claims 
dependent thereupon). 

Appellants respectfully submit that the materials disclosed in the Tachibana reference do 
not necessarily possess the properties of the claimed invention. Materials described in similar 
general terms can and often do have quite different properties, including different linear 
expansion coefficient, Young's modulus and/or expansion coefficient under humidity. It is clear 
that a reference disclosing a urethane acrylate, epoxy acrylate, or polyester or polyether 
acrylate would not necessarily provide a disclosure of a material having the claimed expansion 
coefficient under humidity. 

Like the references discussed above, the Tachibana reference does not expressly disclose 
any linear expansion coefficient for the protective coatings therein, let alone a linear expansion 
coefficient of the protective film in the range recited in the present claims, and there is no 
teaching that the materials necessarily possess all the properties recited in the pending claims. 

Moreover, although the Examiner states that the Tachibana reference discloses that 
certain media have a certain warpage after durability testing, the warpage data disclosed in the 
Tachibana patent do not demonstrate that the optical recording media there disclosed meet the 
limitations of the present claims. The warp of exhibited by a particular recording medium is the 
result of a variety of factors, and the Examiner has not demonstrated that the observed warpage 
results of Tachibana are the result of, e.g., the substrate and protective film of Tachibana meeting 
the limitations of the present claims. 
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D. Claims 10-17 and 22 are not unpatentable under 35 USC §103(a) over U.S. 
Patent No. 5,102,709 to Tachibana et al. 

Claims 10-17 and 22 stand rejected under 35 USC §103(a) over the Tachibana reference. 
The rejection is traversed. 

The teachings of the Tachibana reference, and the differences between Tachibana and 
independent claims 10 and 14, have been discussed above. Appellants contend that claims 10 
and 14, and the claims dependent therefrom, are not obvious in view of Tachibana for at least the 
reasons discussed above. As discussed above, Appellants contend that Tachibana does not 
disclose media having the specified properties of the pending claims. In view of the silence of 
Tachibana as to these properties, Appellants respectfully urge that it would not have been 
obvious to one of ordinary skill to modify the teachings of Tachibana to arrive at the claimed 
invention. Tachibana cannot teach or suggest materials having properties that Tachibana does 
not even describe. Because Tachibana does not expressly disclose the properties of the materials 
as recited in the pending claims, there could not be any motivation to modify the teachings of 
Tachibana as suggested by the Examiner to arrive at the claimed invention. 

Moreover, the invention of claim 22 is directed to an optical data recording medium 
provided with a protective film for protecting a thin film layer selected by the method of any one 
of claims 18 to 21. The methods of claims 18-21 include the steps of determining the linear 
expansion coefficient of a material for making the protective film; and selecting the material 
for making the protective film such that at least either one of a linear expansion coefficient 
and a Young's modulus of the protective film is greater than that of the transparent substrate 
and the linear expansion coefficient of the protective film is greater than 9.5 x 10" 5 (1/°C) 
and smaller than 5.0 x 10" 4 (1/°C). The Examiner has not even asserted that Tachibana 
anticipates or renders obvious any of claims 1 8 to 21 (as indeed it does not). Tachibana does not 
disclose or render obvious a method as recited in any of claims 18-21. Appellants submit that 
claim 22, which is directed to an optical data recording medium provided with a protective film 
for protecting a thin film layer selected by such a method, cannot be rendered obvious by 
Tachibana, in view of Tachibana' s lack of disclosure of optical data recording media having the 
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recited properties, the importance of the recited properties, or methods for selecting materials 
having desirable properties for use in such optical data recording media. Tachibana does not and 
cannot render obvious the pending claims. 

E. Claims 10-22 are not unpatentable under 35 USC §103(a) over EP1031972 to 
Tajima et al. 

i. The Tajima reference does not disclose all the features of the claimed invention, 
explicitly or inherently. 

The Tajima reference is directed to optical recording media in which the warpage caused 
by temperature changes is reduced (see, e.g., the Abstract). 

At paragraphs [0035]-[0041], the Tajima reference discloses an example of an optical 
information recording medium made of three layers (a transparent substrate, a thin film layer, and 
a thin film protective coating). In this medium, the linear expansion coefficients and thicknesses 
of the transparent substrate and the thin film protective coat are adjusted to reduce the warp of 
the medium caused by temperature change. 

ii. The Tajima reference does not render obvious the pending claims. 

Claims 10-22 stand rejected over the Tajima reference under 35 USC § 103(a). The 
rejection is traversed. 

The Examiner describes the Tajima reference as disclosing "optimization of linear 
expansion coefficient, thickness and Young's modulus of the protective layer to offset the 
stresses on either side of the dielectric layer due to the substrate to reduce warpage," Final 
Office Action at page 7, but the Examiner apparently agrees that Tajima does not disclose 
materials having the linear expansion coefficients recited in the pending claims. However, 
the Examiner states that "[I]t would have been obvious to one skilled in the art to modify the 
example [of Tajima] by doubling the linear expansion coefficient . . . and decreasing the 
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thickness nearly by half to . . . maintain the same force on the side of the medium opposite 
the side of the substrate." Final Office Action at page 7. Appellants cannot agree with these 
statements. 

The Examiner also states that "the examiner holds that the last layer to be 
coated/formed would be the obvious choice for optimization ... by choosing resins 
compositions which have higher linear expansion coefficients." Final Office Action at p. 8. 

However, as the Examiner seems to acknowledge, the linear coefficient of expansion 
of the protective film of the present invention is different from, and greater than, the linear 
expansion coefficient disclosed in Tajima (EP 103 1972) (see, e.g., Table 1 of Tajima). 

The claimed invention of claims 10-14 provides that the material of the protective film 
has at least one of a linear expansion coefficient and a Young's modulus value greater than that of 
the transparent substrate and that the linear expansion coefficient of the protective film is greater 
than 9.5 *10~ 5 (1/°C) and smaller than 5.0 *10' 4 (1/°C). 

The claimed invention of claims 14-16 provides that the material of the protective film 
has at least one of a linear expansion coefficient and a Young's modulus value greater than that of 
the transparent substrate and that the linear expansion coefficient of the protective film is greater 
than 9.5 xlO' 5 (1/°C) and smaller than 5.0 xlO" 4 (1/°C) and an expansion coefficient under 
humidity of the protective film is 1.70 *10" 4 (1/%) or smaller. As disclosed by the present 
specification, optical data recording media which satisfy the above requirements are particularly 
resistant to deformation or warpage. 

Claim 18 (and the claims dependent therefrom) is directed to a method of selecting a 
protective film in an optical data recording medium, the optical data recording medium 
comprising a transparent substrate, a thin film layer formed on the transparent substrate and 
a protective film which is mainly comprised of a resin and formed on the thin film layer for 
protecting the thin film layer, wherein the transparent substrate has a Young's modulus 
smaller than 10.0 x 10 9 (Pa), and wherein the thin film layer is a single layered or 
multilayered film including at least any one of a dielectric film, a recording film and a 
reflective film and the transparent substrate is made of a polycarbonate or a polyolefin with a 
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thickness of 0.5 mm. The method includes the steps of: determining the linear expansion 
coefficient of a material for making the protective film; and selecting the material for 
making the protective film such that at least either one of a linear expansion coefficient and 
a Young's modulus of the protective film is greater than that of the transparent substrate and 
the linear expansion coefficient of the protective film is greater than 9.5 x 10' 5 (1/°C) and 
smaller than 5.0 x 10' 4 (1/°C). 

Appellants respectfully contend that the Examiner's proposed modification of the 
Tajima reference appears to rely on hindsight; that is, the Examiner's view of the Tajima 
reference is colored by the teachings of the instant specification. The Examiner appears to 
be using the teachings of the present invention as a road-map to modify the teachings of the 
prior art to thereby arrive at the presently-claimed invention. This is an improper hindsight 
rejection; see, e.g., Grain Processing Corp. v. American Maize-Prods. Co., 840 F.2d 902, 907, 5 
USPQ2d 1788, 1792 (Fed. Cir. 1988). Appellants respectfully contend that, prior to the 
present invention, one of ordinary skill in the art would not have been motivated to make the 
modifications suggested by the Examiner. 

Moreover, one of ordinary skill in the art would not have had a reasonable expectation of 
success in making the modification to the teachings of Tajima as suggested by the Examiner. 
The Examiner has not pointed to any teaching in Tajima (or anywhere else) of materials having 
all the properties (and relationships among properties of the various components) recited in the 
pending claims. Prior to the present invention, one of ordinary skill in the art would not have 
had a reasonable expectation of success in making the modification to the teachings of Tajima as 
suggested by the Examiner. For this reason, too, the claims are not obvious in view of Tajima. 

F. Comparative data effectively rebuts any prima facie case of anticipation or 
obviousness that may be contended to exist 

Moreover, while Appellant fully believes that a prima facie case of anticipation under 35 
U.S.C. 102(b) or obviousness under 35 U.S.C. 103(a) has not been made by the Examiner, it is 
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also believed that previously-presented test data fully rebuts any prima facie case that may be 
contended to exist. 

As Appellants pointed out in the "Preliminary Amendment 
(Filed With Request for Continued Examination)" filed on March 22, 2005 (a copy of the 
pertinent part of which is attached hereto as Exhibit E), materials described in similar general 
terms can and often do have quite different properties, including different linear expansion 
coefficients. For example, as shown on the attached Table (also reproduced at Exhibit E), 
materials generically termed "acrylic UV curable resins" having similar principal components 
can nevertheless have a range of linear expansion coefficients (in the Table, ranging from about 
1.10 x 10" 5 to about 1.46 x 10" 4 (1/°C) (note that the acrylic ester commercial product listed 
at the bottom of the Table does not have a linear expansion coefficient within the range 
required by the instant claims). It is clear that a reference disclosing an acrylic UV curable 
resin would not necessarily provide a disclosure of an acrylic UV curable resin having a linear 
expansion coefficient in a specific range. 

The Examiner has suggested that "direct comparison with the prior art" could obviate the 
rejections of record. Appellants note that certain resins disclosed in the cited references are 
apparently no longer produced. For example, Appellants also note that, contrary to the 
Examiner's suggestion that the resin "SD101 appears to be still available," Final Office Action at 
page 5, it is believed that this material is no longer sold. 

In the "Response to Non- final Office Action" dated January 26, 2006 (a copy of the 
pertinent part of which is attached hereto at Exhibit F), Appellants provided the following data 
and remarks: 

The resin composition disclosed in Example 3 of Tachibana (KAYARAD DPCA-30 
(70%), KAYARAD R-604 (25%), IRG-184, 5%) has a linear expansion coefficient of 9.0 x 10" 5 
(1/°C). This linear expansion coefficient is not within the range of values of the linear expansion 
coefficient recited by the pending claims (greater than 9.5 x 10" 5 (1/°C) and smaller than 5.0 
xlO" 4 (l/°C)). Thus, this composition does not in fact possess the properties of the claimed 
invention, and cannot anticipate the pending claims. There is no teaching or suggestion in 
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Tachibana that this resin or any other materials disclosed therein necessarily possess all the 
properties recited in the pending claims. 

Appellants contend that this experiment provides additional support for Appellants' 
contention that the cited references do not necessarily disclose materials for optical data 
recording media having the properties of the claimed media. Appellants therefore contend that 
the inherency rejection cannot be maintained. 

In the Final Office Action, the Examiner stated that "there is no basis for why this [data] 
could possibly be a better comparison than one with the cited example." Final Office Action at 
page 6. However, the data described above establish that the Examiner's primary premise - that 
"[in the cited references] urethane, epoxy, polyester and polyether acrylates are disclosed as 
useful and meeting the material limitation of the claims" - is flawed, and that the cited references 
(not only Tachibana) therefore cannot inherently disclose materials meeting the limitations of the 
pending claims. Appellants have provided counter-examples which demonstrate that the 
Examiner's position on inherency is unsound. See, e.g., MPEP 21 12(V). 

In summary, the cited references do not teach or suggest optical recording media of the 
present claims which are resistant to deformation or warpage. None of the references teaches or 
suggests that the materials used in the fabrication of the optical recording media should be 
selected to have the claimed properties. 

G. The remaining claims on appeal are separately patentable 

The cited references also provide no disclosure of other aspects of Appellant's claimed 
invention. 

a) Claim 11 

Claim 1 1 is separately patentable for the above-stated reasons and further because the 
cited references fail to teach or suggest the optical recording medium of claim 10 wherein an 
expansion coefficient under humidity (ratio of expansion (1/%) where a difference of 
relative humidity (vapor content/ saturated vapor amount at 25°C) is increased by 1%) of the 
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protective film is 1 .7 x 10" 4 (l/%) or smaller. The cited references do not teach or suggest this 
feature of claim 1 1 . 

b) Claims 12 and 13 

Claims 12 and 13 are separately patentable for the above-stated reasons and further 
because the cited references fail to teach or suggest the optical recording medium of claim 10 (or 
11) wherein the Young's modulus of the transparent substrate is smaller than 10.0 x 10 9 (Pa). 
The cited references do not teach or suggest this feature of claims 12 and 13. 

c) Claim 19 

Claim 19 is separately patentable for the above-stated reasons and further because the 
cited references fail to teach or suggest the method of selecting a protective film in an optical 
data recording medium according to claim 18 wherein the protective film is selected such 
that the Young's modulus of the protective film is greater than 2.0 x 10 9 (Pa) and smaller than 
1 .0 x 10 10 (Pa). The cited references do not teach or suggest this feature of claim 19. 

c) Claims 20 and 21 

Claims 20 and 21 are separately patentable for the above-stated reasons and further 
because the cited references fail to teach or suggest the method of selecting a protective film in 
an optical data recording medium according to claim 18 (or 19) wherein the protective film 
is selected such that an expansion coefficient under humidity thereof (ratio of expansion 
(1/%) where a difference of relative humidity (vapor content/saturated vapor amount at 
25°C) is increased by 1%) of the protective film is 1.7 x 10" 4 (l/%) or smaller. The cited 
references do not teach or suggest this feature of claims 20 and 21. 



Appellants: N. Takamori et al. 
U.S. Serial No. 10/002,949 
Brief on Appeal 
Page 27 of 32 



SUMMARY 



Appellants submit that all of the claims under final rejection are in condition for 
allowance and should be allowed, and that the Final Office Action should be vacated. 
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CLAIMS APPENDIX 

1-9. (Cancelled). 

10. An optical data recording medium comprising a transparent substrate, a thin film 
layer formed on the transparent substrate and a protective film which is mainly comprised of 
a resin and formed on the thin film layer for protecting the thin film layer, wherein the thin 
film layer is a single layered or multilayered film including at least any one of a dielectric 
film, a recording film and a reflective film, and at least either one of a linear expansion 
coefficient and a Young's modulus of the protective film is greater than that of the 
transparent substrate, and the linear expansion coefficient of the protective film is greater 
than 9.5 x 10" 5 (1/°C) and smaller than 5.0 X 10' 4 (1/°C). 

11. An optical data recording medium according to claim 10, wherein an expansion 
coefficient under humidity (ratio of expansion (1/%) where a difference of relative humidity 
(vapor content/ saturated vapor amount at 25°C) is increased by 1%) of the protective film is 
1.7 x 10' 4 (l/%) or smaller. 

12. An optical data recording medium according to claim 10, wherein the Young's 
modulus of the transparent substrate is smaller than 10.0 x 10 9 (Pa). 

13. An optical data recording medium according to claim 11, wherein the Young ! s 
modulus of the transparent substrate is smaller than 10.0 x 10 9 (Pa). 

14. An optical data recording medium, comprising a transparent substrate, a thin film 
layer formed on the transparent substrate and a protective film which is mainly comprised of 
a resin and formed on the thin film layer for protecting the thin film layer, wherein a Young's 
modulus of the transparent substrate is smaller than 10.0 x 10 9 (Pa), and the thin film layer is 
a single layered or multilayered film, and wherein at least either one of a linear expansion 
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coefficient and a Young's modulus of the protective film is greater than that of the 
transparent substrate, and the linear expansion coefficient of the protective film is greater 
than 9.5 x 10" 5 (1/°C) and smaller than 5.0 x 1(T 4 (1/°C), and an expansion coefficient under 
humidity of the protective film is 1.7 x 10~ 4 (l/%) or smaller. 

15. An optical data recording medium according to any one of claims 10 to 14, wherein a 
thickness of the protective film is 5 |xm or more to 20 jam or less. 

16. An optical data recording medium according to any one of claims 10 to 14, wherein 
the protective film is made of an ultraviolet light curing resin. 

17. An optical data recording medium according to any one of claims 10 to 14, wherein 
the transparent substrate is made of a polycarbonate or a polyolefin and a thickness thereof is 
about 0.5 mm. 

18. A method of selecting a protective film in an optical data recording medium, the 
optical data recording medium comprising a transparent substrate, a thin film layer formed 
on the transparent substrate and a protective film which is mainly comprised of a resin and 
formed on the thin film layer for protecting the thin film layer, wherein the transparent 
substrate has a Young's modulus smaller than 10.0 x 10 9 (Pa), and wherein the thin film layer 
is a single layered or multilayered film including at least any one of a dielectric film, a 
recording film and a reflective film and the transparent substrate is made of a polycarbonate 
or a polyolefin with a thickness of 0.5 mm, the method comprising the steps of: 

determining the linear expansion coefficient of a material for making the protective 
film; and 

selecting the material for making the protective film such that at least either one of a 
linear expansion coefficient and a Young's modulus of the protective film is greater than that 
of the transparent substrate and the linear expansion coefficient of the protective film is 
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greater than 9.5 x 10" 5 (1/°C) and smaller than 5.0 x 10" 4 (1/°C). 

19. A method of selecting a protective film in an optical data recording medium 
according to claim 18, wherein the protective film is selected such that the Young's modulus 
of the protective film is greater than 2.0 x 10 9 (Pa) and smaller than 1.0 x 10 10 (Pa). 

20. A method of selecting a protective film in an optical data recording medium 
according to claim 18, wherein the protective film is selected such that an expansion 
coefficient under humidity thereof (ratio of expansion (1/%) where a difference of relative 
humidity (vapor content/saturated vapor amount at 25 °C) is increased by 1%) of the 
protective film is 1.7 x 10" 4 (l/%) or smaller. 

21. A method of selecting a protective film in an optical data recording medium 
according to claim 19, wherein the protective film is selected such that an expansion 
coefficient under humidity thereof (ratio of expansion (1/%) where a difference of relative 
humidity (vapor content/saturated vapor amount at 25 °C) is increased by 1%) of the 
protective film is 1.7 x 10" 4 (l/%) or smaller. 

22. An optical data recording medium provided with a protective film for protecting a 
thin film layer selected by the method of any one of claims 1 8 to 2 1 . 



Appellants: N. Takamori et al. 
U.S. Serial No. 10/002,949 
Brief on Appeal 
Page 31 of 32 



EVIDENCE APPENDIX 



Tab A Copy of U.S. Patent No. 5,714,222 to Yokoyama et al. ("Yokoyama"), as relied on 

by the Examiner in the Final Office Action of 02/02/2006. 



Tab B Copy of U.S. Patent No. 5,674,649 to Yoshioka et al.("Yoshioka "), as relied on 

by the Examiner in the Final Office Action of 02/02/2006. 

Tab C Copy of U.S. Patent No. 5,102,709 to Tachibana et al. ("Tachibana "), as relied on 

by the Examiner in the Final Office Action of 02/02/2006. 



Tab D Copy of EP 1031972 to Tajima et al. ("Tajima "), as relied on by the Examiner in 

the Final Office Action of 02/02/2006. 

Tab E Portion of "Preliminary Amendment (Filed With Request for Continued 

Examination)" as filed by Appellants, dated March 22, 2005. 

Tab F Portion of "Response to Non-final Office Action" as filed by Appellants, dated 

January 26, 2006. 
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[57] ABSTRACT 

The optical recording medium has an optically transparent 
substrate having a center hole, a recording layer formed on 
the substrate, and a protective layer. The protective layer has 
an opening whose center coincides with a center of the 
center hole of the substrate, and the opening of the protective 
layer is larger than the center hole of the substrate. The 
optical recording medium is produced by a process includ- 
ing the steps of forming the protective layer for covering the 
recording layer so that the protective layer has an opening 
whose center coincides with a center of the center hole, and 
forming the opening of the protective layer so that it is larger 
than the center hole of the substrate. The step of forming the 
protective layer may be achieved using a spin coating 
method. 

22 Claims, 1 Drawing Sheet 
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OPTICAL RECORDING MEDIUM AND by the above-described process, the magnetic head may be 

PROCESS FOR PRODUCING SAME broken due to collision between the magnetic head and the 

protective layer having a nonuniform thickness, or recorded 

BACKGROUND OF THE INVENTION data is lost due to breakage of the magnetooptical recording 

5 medium. 

1. Held of the Invention „ m ^ ^„ 

— . . SUMMARY OF THE INVENTION 

The present invention relates to an optical recording 

medium, and a process for producing such a medium, upon The present invention has been achieved in consideration 

which at least one of recording, reproducing and erasing of of the above problems, and an object of the present invention 

information is optically performed. i0 i* to provide an optical recording medium having an excel- 

2. Related Background Art lcnt appearance even when a multi-layer protective layer is 

~T. . .... . . , , . . formed by a spin coating method. 

Recently, rewritable optical disks have been marketed and ^ f invention is to provide an 

increasing^ ojm^S m^uT which minimizes or'Sminates 

in computers. However; in such disks, recording, reproduc- induces irecorduiff errors 

ing or erasing is conducted by using a laser beam. Thus, 15 oraing . 

errors sometimes occur in reading or recording data if dust Another object of the J^sent motion ^s to provioe a 
particles or flaws are present on a laser beam incident P™css for producing, wrth good ^ucUvityjin optical 
surface of a substrate of die disk. For example, in a mag- recording medium comparing a multi-layerjotective layer, 
netooptical disk, and particularly in a magnetooptical disk in which minimizes or eliminates inferior products, 
a magnetic field modulation recording system which *> According to an aspect of the present mvenhon, there is 
employs a magnetic head, either the recording medium or Prided an optical recording medium comprising anopti- 
the device may be broken due to electrostatic contact cally transparent substrate having an opening, a recording 
between the magnetic disk and a protective layer, which may layer *nd a protective layer, both of which are formed on the 
be caused by dust particles on the protective layer or by substrate, wherein the protective layer has an opening whose 
operation in an atmosphere at low humidity. Therefore, « center coincides with the opening of the substrate and which 
investigation has been made as to the possibility of provid- is larger than the opening of the substrate, 
ing a protective layer containing an antistatic agent and a According to another aspect of the present invention, 
lubricant on each of the laser beam incident surface and the there is provided a process for producing an optical record- 
recording layer of a substrate, for preventing adhesion of ing medium comprising an optically transparent substrate 
dust particles and flaws. On the other hand, it has been 30 having an opening, a recording layer and a protective layer, 
known that the addition of an antistatic agent and a lubricant bom of which are formed on the substrate comprising 
to the protective layer causes corrosion and blister formation forming the protective layer on the substrate so as to coat the 
in the recording layer. Thus, investigation has also been recording layer, and providing an opening in the protective 
made as to the possibility of providing a two-layer structure layers whose center coincides with the opening of the 
comprising a first protective layer containing no additive and 3* substrate and which is larger man the opening of the 
a second protective layer containing an antistatic agent, etc., substrate. 

and a multi-layer protective layer comprising a first protec- According to another aspect, the present invention relates 
five layer, a second protective layer and an intermediate to a method for manufacturing an optical recording medium 
protective layer for improving adhesion between the first comprising the steps of providing an optically transparent 
and second protective layers, and correcting warping of a 40 disk-shaped substrate having an opening defined by an 
substrate (Japanese Patent Application No. 4-125873). opening periphery located at a central portion thereof, form- 
Examples of known methods of producing an optical a recording layer on the substrate, and f onning a 
recording medium comprising such a multi-layer protective protective layer on at least a portion of the substrate and the 
layer include a method of successively laminating photo- recording layer by depositing an annular ring of photocur- 
curable resin layers and a method of successively laimnating 45 able resin material on the substrate, around the opening 
resin sheets. periphery of the opening in the substrate, spin-coating the 

' A . , . . - . - annular ring of photocurable resin material over at least a 

A possible method of forming, with good ?od»aM*a of £ e Xrale and the recording layer, and photo- 

rmdtL-layer proteebve layer oamptang laminated photo- photocurable resin materiaL 

cured resin layers on a disk substrate is a method comprising x ^ ^ 

coating a photo-curable resin composition for forming a first BRIEF DESCRIPTION OF THE DRAWINGS 

protective layer by a spin coating method, curing the resin FIG. 1 is a schematic sectional view of an optical disk in 

composition to form the first protective layer, coating a accordance with an embodiment of the present invention; 

photo-curable resin composition for forming a second pro- FIG 2 is a schematic drawing illustrating a process for 

tective layer by the spin coating method and then curing the M me optical disk shown in FIG. 1 in accordance 

resin composition to form the second protective layer. ^ embodiment of the present invention; 

However, stripe marks caused by a flow of an uncured pjQ 3 ^ a schematic drawing illustrating a process for 

photo-curable resin composition arc sometimes observed on producing the optical disk shown in FIG. 1 in accordance 

the surface of the multi-layer protective layer formed by this a further ernbodiment of the present invention; and 

method. This causes the formation of a disk comprising a «, mQ 4 fc fl floating a first embodi- 

protective layer having a nonuniform thickness. Such a disk ment ^ te nt §amaalL 
comprising a protective layer having a nonuniform thickness 

becomes an inferior product because of its poor appearance, DETAILED DESCRIPTION OF THE 

and consequently decreases productivity. PREFERRED EMBODIMENTS OF THE 

When a magnetooptical recording medium, and partial- 63 PRESENT INVENTION 

lariy a magnetooptical recording medium for recording data Embodiments of the present invention are described 

thereon in a magnetic field modulation system, is produced below with reference to the drawings. 
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In FIG 1, reference numeral 1 denotes a inagnetooptical curable resin composition for forming me second protege 
dislq reference numeral 2 denotes a substrate having a center layer from dropping into the opening on side waU 1 31 of the 
ZjZ -v ^frrence numeral 4 denotes a mafinetooptical center hole 3 of the substrate 2 during the step of depositing 
re^^andXfnce 2 iSSSt *e resin composition in mevicinitv of the «nterhole 3 of 
iccwuing myvt, *uu « w t Ar fi w i nW r * * the substrate 2 and the subsequent spin coating step, it is 

layer protective lay ex P comprising a first protective layer 5 5 to mc ^^Tof contact between the resin 

and a second protective layer *. ^ cornposition for forming the second protective layer and the 

The first and second protective layers are formed in an SUD strate, the position of deposition of the resin 
annular form on the substrate 2 so that the diameter of an composition, etc. For example, it is preferable to appropri- 
opening of the second protective layer 6 is greater man the atc jy set the above coating conditions so as to prevent the 
diameter of an opening of the first protective layer 5. to resm c reposition from sufficiently spreading during the 

On the magnetooptical disk, as shown in FIG. 2, a time the resin composition is supplied to a portion in the 
photo-curable resin composition 8 is provided in an annular vicinity of the center hole of the substrate, 
form on the substrate 2 having the recording layer 4 farmed Although this embodiment relates to an optical recording 
thereon, in the vicinity of the center hole 3, and the photo- medium having a multi-layer protective layer comprising 
curable resin cornposition 8 is then spread by rotating the 15 two protective layers, the technology of the present inven- 
substrate 2 to coat the recording layer 4 with the resin tion is also useful for an optical recording medium having a 
composition 8. Thereafter, the photo-curable resin compo- multi-layer protective layer comprising three or more pro- 
sifcmTcured by irradiation with light to form the first tective layers. Specifically an optical recw^ineAum 
^Ve Ser 5. Referable thai the diameter of an having a multi-layer ^^^^^^^^^ 
F , ™Z *" . - ft,- 20 using the spm coating method in which the diameter ot an 

opening 7 of the first ^^^p^}^ 0 *** me opening of a (n+l)th protective layer (n is an integer of 1 or 
diameter of the center hole 3 of the substrate 2. Ski the muW-layff protective layer from the side of the 

Specifically, to obtain an optical recording medium hav- recording layer is greater than the diameter of an opening of 
ing an excellent appearance and causing minimum or no a protective layer. 

recording errors, it is preferable that the photo-curable resin tf m mc embodiment of the present invention, the photo- 
composition for forming the first protective layer 5 is curable resin compositions for the multi-layer protective 
applied or deposited as an annular ring in the vicinity of the layer not limited as long as they have no adverse effect 
center hole 3 of the substrate 2. and then spin-coated so as 0 n the recording layer and satisfy the above-described 
not to drop into the center hole 3 of the substrate 2 on side characteristics. For example, acrylic ultraviolet curing resins 
wall 31. 30 and the like can be used. An example of such resins is a 

Namely, in a spin coating technique, the rotational speed composition comprising prepolymer component (A), mono- 
is generally increased during the final stage of the coating mer component (B) serving as a reactive diluent, and pho- 
step. before the coating step is completed. topolymerization initiator component (C) at a ratio of corn- 

Fox example, even if the resin material drops into the ponents (A), (B) and (QU which the ratio of component (A) 
center hole 3 on tbe side wall 31, as described above, then 3S : component (B)=5 to 95: 95 to 5 (ratio by weigjit), and the 
resin material located on the side wall 31 of the center hole concentration of component (C) is 0.1 to 10% by weight of 
3 may be returned to the surface of the first protective layer the total amount 

and radially spread out on the surface thereof by centrifugal Examples of component (A) include polyol polyacrylates 
force, when the rotational speed is increased at the end of the (polyhydric alcohol or poryether polyacrylates), particularly, 
spin-coating process to make the surface of the resin com- 40 at least trifunctional polyol polyacrylates, such as pen- 
position for first protective layer fiat and smooth. As a result. taerythritol triacryiatc, dlpcntaerythritol hexaacrylatc, and 
resin marks may remain on the surface of the first protective the like; modified polyol polyacrylates (polyacrylates of 
layer 5 and thus deteriorate not only the appearance of the poryols modified by epoxide or lactone or diacrylates of 
surface of the first protective layer 5 but also the smoothness modified diols obtained by adding epoxide to polyhydroxy 
of the first protective layer 5, thereby causing head crash. 45 phenols such as bisphenol A or bisphenol S); polyester 

In order to prevent the photo-curable resin composition acrylates (produced by condensation telomcrization of poly- 
for forming the first protective layer 5 from dropping into the hydroxy alcohols, polybasic acids or anhydrides thereof and 
center hole 3 on the side wall 31 of the substrate 2 during the acrylic acid); uremane acrylates (produced by reaction of 
step of applying the resin cornposition in the Wcinity of the poryols such as polyether poryols or polyester poryols, 
center hole 3 of the substrate 2 and the subsequent spin 50 polyisocyanate and acrylates having a hydroxyl group); 
coating step, it is effective to control the angle of contact epoxy acrylates (oligomers obtained by adding acrylic acid 
between the resin composition and the substrate, the position or acrylates having a terminal carboxyl group to epoxy 
of deposition of the resin cornposition. etc. For example, it compounds); bisphenol A diglycidyl ethers; novolak polyg- 
is preferable to appropriately set the above coating condi- lycidyl ethers and the like. Particularly, at least trifunctional 
tions so as to prevent the resin composition from sufficiently 55 polyol polyacrylates having excellent curing properties and 
spreading during the time the resin composition is supplied high surface hardness are preferable, 
to a portion in the vicinity of the center hole of the substrate. Examples of component (B) include acrylates of polyhy- 

Referring now to FIG. 3. like the first protective layer 6, droxy alcohols, particularly, polyfunction^ acrylic 
the second protective layer on die first protective layer 5 is monomers, for example acrylates such as ethylene glycol 
formed by depositing an annular ring of a photo-curable 60 diacrylate, diethylene glycol diacrylate, triethylene glycol 
resin composition 9 for farming the second protective layer diacrylate. polyethylene glycol diacrylate, butylene glycol 
6, spreading the resin composition 9 by rotating the substrate diacrylate, neopentyl glycol diacrylate, 1.4-butanedioi 
2 and then curing the resin composition by irradiation with diacrylate, 1,4-hexanediol diacrylate, r^ntaerythntol diacry- 
iigat. " late and the like; triacrylates such as pentaerythritol 

The diameter of an opening of the second protective layer 65 triacrylate, trimethylolpropane triacrylate and the like. Any 
6 is preferably greater than mat of the opening of the first one of these compounds or a mixture comprising at least two 
protective layer 5. Namely, in order to prevent the photo- of these compounds can be used as component (B). 
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Although any known photopolymcrization initiators can was then coated in a thickness of about 6 urn by a spin 

be used as component (C), initiators exhibiting good storage coating method on a doughnut-like annular region concen- 

stability after mixing are preferable. Examples of such trie with the center hole 3 and surrounded by circles having 

initiators include benzoin alky! ether types such as benzoin * radii of 16 mm and 43 mm to cover the recording layer 4. 

ethyl ether, benzoin isobutyl ether and the like; acetophe- 5 ™e curing resin was then irradiate with ultraviolet light to 

none types such as 2^emoxyacetcphenone, 4<-phenoxy- form a first pro^ve Uyer 5 ^^^7^^^" 

2^-di^oroacetophenone, and toe like; propiophenone acrylate resin (Hade ^Name: EX-^AU ^^y Dauiu> 

. - . . ^ t • u oon Ink Co., Ltd.) having a surface tension of about 37 

types such as 2-hy^oxy : 2 ; methyIpropiophenone, ^ ; ^ ^ ^ fQ[m ^ 

4'-isopror^-2^ and the ^ ^ ddcd ^ ^3 of mc substrate! and 

like; anthraquinonc types such as benzyl methyl ketaL 10 ^Qj^ a radius of 16.5 mm, on the first protective layer, 

1-hydroxycyclohexyl phenyl ketone, 2-ethyl anthraqumone md was th cn spin-coated to form a second protective layer 

and 2^c*c^thraquinone and the like; thioxanthone types 4 of 4 m thickness In this way, a magnetooptical disk 

such as 2,4-dimethyl thioxanthone, Michler's ketone and the ^th a mu lti-layer protective layer P was formed, 

like. Any one of these compounds or a mixture of at least M a result mc fi of mc opening of the first 

two compounds at any desired ratio can be used. 15 protective layer 5 formed by curing was about 16 mm, and 

A recording layer which is generally used for optical the radius r 2 of the opening of the second protective layer 6 

recording, such as a recording layer containing an organic was 15,2 mm. The angle of contact between the material for 

dye, e.g.. a polyme thine dye or cyanine dye. a magnetoop- me first protective layer 5 and the substrate 2 was about 30°, 

tical recording layer containing a rare earth metal or tran- ^ the angle of contact between the material for the second 

sition metal, can be used as the recording layer. 20 protective layer 6 and the first protective layer 5 was about 

When a light beam for at least one of recording, repro- 60°. In this example, materials having different surface 

auction and erasing information is applied to the optical tensions were used in order to cause the different contact 

recording medium through the substrate, the substrate is angles. Namely, a material having a surface tension lower 

preferably transparent to the light beam. Preferable than that of the material for the second protective layer 6 was 

examples of such substrates include substrates comprising 25 used for the first protective layer 5 so that the angle of 

bisphenol A type polycarbonate, acrylic resin, methacryiic contact between the material for the first protective layer 5 

resin, polystyrene resin, polyolefin resin and the like. and the substrate 2 was smaller than the angle of contact 

As described above, when the multi-layer protective layer between the material for the second protective layer 6 and 

is formed, the (n+l)th protective layer is formed so as to the first protective layer 5. This increased the contact angle 

have an opening larger than the opening of the (n)th pro- of the material for the upper second protective layer 6 and 

tective layer, thereby preventing the occurrence of nonuni- thus facilitated control of the coating positions and of the 

formity of the thickness due to stripe marks. thicknesses of the layers, thereby improving productivity. 

In addition, the angle of contact between the curable resin EXAMPLE 2 

feme second protective layer 35 A magnetooptical disk was produced in the same manner 

is larger than the angle of contact between *ecuraMe resin ^ m ^upi except that an ultraviolet curable epoxy- 

for the first protectee layer and the substrate, thereby fc ^ Namfi: ex-841; produced by Dainip- 

faahtatmg conlrol of the coating positions of the curable ^ ^ * having a surface tension of about 37 

resins and the thicknesses of the layers, and thus improving ^ M was usc dasa material for the first protective layer 5 

productivity. 40 uaaa heatmg & aD0Ut 40 0 C., and the same ultraviolet 

Further, the angle of contact between the curable resin for curable epoxyacrylate resin as the resin used for the first 

the (n+2)th protective layer and the (n+l)th protective layer protective layer 5 was used as the material for the second 

(n is an integer of 1 or more) is larger than the angle of protective layer 6 under cooling at about 15° C. 

contact between the curable resin for the (n+l)th protective Ag a resul ^ mc radius of ^ the first 

layer and the (n)th protective layer, thereby facilitating 45 protective layer 5 formed by curing was about 16 mm, and 

control of the resin coating positions and the thicknesses of £ e fadius of me ^ of mc second protective layer 6 

the layers, and thus improving productivity. was 163 ^ The angle of contact between the material for 

A number of embodiments of the present invention will the first protective layer 5 and the substrate 2 was about 30°, 

now be explained in more detail with reference to the and the angle of contact between the material for the second 

following examples. 50 protective layer 6 and the first protective layer 5 was about 

EXAMPLE 1 63°. In this example, the respective resin m a teri al s were 

coated at different temperatures in order to cause different 

As shown in FIG. 4, on a polycarbonate disk substrate 2 contact angles. Namely, the coating temperature of the 

having a diameter of 86 mm (with an opening 3 having a material for the first protective layer 5 was relatively high, 

diameter of 15 mm) an annular magnetooptical recording 55 m & the coating temperature of the material for the second 

layer 4 was formed, by a sputtering method, so as to be protective layer 6 was relatively low so that the angle of 

concentric with the disk substrate 2. The recording layer 4 contact between the material for the first protective layer 5 

comprised an inorganic protective layer, a magnetic layer, an and the substrate 2 was smaller than the angle of contact 

inorganic protective layer and a reflecting layer, the radii between the material for the second protective layer 6 and 

(dl) and (d2) of small and large circles of the annular 60 me first protective layer 5. In this way, since the contact 

recording layer 4 being 20 mm and 42.5 mm, respectively. an ^ e of the material used can be changed by temperature 

An epoxyacrylate ultraviolet curable resin (Trade Name: control, various materials can be used without being 

MH-7210; produced by Mitsubishi Rayon Co., Ltd.) having restricted by surface tension and viscosity, 

a surface tension of about 29 mN/m at 23° C. was circum- * EXAMPLE 1 

ferentially supplied in an annular form whose center coin- 65 tiXAMrLts J 

tided with the center hole 3 of the substrate 2 and which had A magnetooptical disk was produced in the same manner 

a radius of 16.5 mm, as shown in FIG. 2. The curing resin as that in Example 1, except mat the material for the second 
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protective layer 6 was circumferentially supplied in an on the second protective layer 6, and the thickness of a 

annular form which was concentric with the center hole 3 of portion of the second protective layer 6 where the stripes 

the substrate 2 and which had a radius of 17.5 mm. As a were observed was greater than a predetermined thickness of 

result, the radius (r*) of the opening of the second protective 4 um. The magnetooptical disk of this example was thus 

Liver 6 was 17 2 nun. * unsuitable as a magnetooptical disk, particularly as a mag- 

y netooptical disk in a magnetic field modulation recording 

EXAMPLE 4 system. 

A magnetooptical disk was produced in the same manner EXAMPLE 6 
as that in Example 2, except that the material for the second 

protective layer 6 was circumferentially supplied in an 10 100 magnetooptical disks were produced in the same 

annular form which was concentric with the center hole 3 of manner as in EXAMPLE 1, and the percentage of magne- 

the substrate 2 and which had a radius of 17.5 mm. As a tooptical disks free from a conspicuous streak on the second 

result die radius (r^) of the opening of the second protective protective layer 6 was measured, 

layer 6 was 173 nun. ^ The results are shown in Table 1. 

EXAMPLES EXAMPLE 7 

A recording layer 4 was formed on a polycarbonate jqq magnetooptical disks were produced in the same 

substrate 2 in the same manner as that in Example 1. An mmna as in EXAMPLE 2. 
ultraviolet curable urethane aery late resin (Trade Name:SD- 

301; produced by Dainippon Ink Co., Ltd.) having a surface EXAMPLE 8 

tension of about 40 mN/m at 2£C. was circ^er^ally ^g^^caj disks were produced in the same 

supplied in an annular form which was concentric with the 1 w • ™Vt™ o a 

center hole 3 of the substrate 2 and which had a radius of manner 48 10 EXAMPLE 3. 

16.5 mm. The curing resin was then coated, by a spin coaling EXAMPLE 9 

method, on a doughnut-like annular region surrounded by a 

circle which was concentric with the center hole 3 and which 100 magnetooptical disks were produced in the same 
had a radius of 43 mm and a circle which was concentric manner as in EXAMPLE 4. 
with the center hole 3 and which had a radius of 16 ram to 

form a resin layer having a thickness of 6 urn for coating the ^ example iu 

recording layer 4. The resin layer was then cured by irra- 100 magnetooptical disks were produced in the same 

diation with ultraviolet ligfrt to form the first protective layer raflima . as u EXAMPLE 5. 

5. 

An ultraviolet curable epoxyacrylate resin (Trade Name: COMPARATIVE EXAMPLE 2 

MH-7210; produced by Mitsubishi Rayon Co.. Ltd.) having 35 m magnetooptical disks were produced in the same 
a surface tension of about 26 mN/m at 23° C. and containing maDna ^ m COMPARATIVE EXAMPLE 1. 
an antistatic agent was d ^^^ u ^ T he magnetooptical disks produced in each of 

annular form which was concentric with the center hole 3 F J"rJJX 7 g o and i 0 and COMPARATIVE 
and which had a radius of 19.5 rnia on the nrst ^tective ^££ 2 w J^aluatl m ^c s^" in 
layer 5. The resin was coated to a thickness of about 4 um ^ 2 
on the first protective layer 5 by a spin coating method, and tuuvnari-E ,0. 
then irradiated with ultraviolet light to form the second The results are shown in Table 1. 
protective layer 6. In this way, a magnetooptical disk was 
obtained. 

As a result, the radius i t of the opening of the first 43 
protective layer 5 was about 16 mm. and the radius r 3 of the 
opening of the second protective layer 6 was about 17.5 mm. 
The angle of contact between the material for the first 
protective layer 5 and the substrate 2 was about 60°. and the 
angle of contact between the material for die second pro- 50 
tective layer 6 and the first protective layer 5 was about 30°. 
However, since the radii of the small circles of the annular 
forms were different in coating the respective resins, the 
magnetooptical disk obtained in this example caused no 
streak having a nonuniform thickness or visually recogniz- 55 Thus, those skilled in the art readily will appreciate that 
able on the surface of the second protective layer 6. thereby the preferred emrx>diments achieve each of the above-listed 
increasing the yield of the magnetooptical disk. objects of the inventions. 

_ . While the present invention has been described with 

COMPARATIVE EXAMPLE 1 respect to what is presently considered to be the preferred 

A magnetooptical disk was produced in die same manner 60 embodiments, it is to be understood that the invention is not 
as that in Example 5, except that the photo-curable resin limited to the disclosed embodiments. To the contrary, the 
composition for the second protective layer 6 was circum- present invention includes various modifications and 
f erentially supplied in an annular form which was concentric equivalent arrangements included within the spirit and scope 
with the center hole 3 and which had a radius of 16.5 mm, of the appended claims. The scope of the following claims 
on the first protective layer 5. 65 is to be accorded the broadest interpretation so as to encom- 

As a result, stripes radially extending from the opening of pass all such modifications and equivalent structures and 
the second protective layer 6 were observable with the eye functions. 
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100 
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96 
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60 


60% 


EXAMPLE 2 









5, 

9 

What is claimed is: 

1. An optical recording medium comprising: 
an optically transparent substrate having an opening 

denned by an opening perimeter, 
a recording layer formed on the substrate; and 5 
a multilayer protective layer comprised of a plurality of 
protective layers successively formed on at least a 
portion of said substrate and said recording layer, 
wherein each of said plurality of protective layers has 
an opening defined by a respective opening perimeter, 10 
each of said openings of said plurality of protective 
layers being larger than the opening of the substrate, 
such that the opening perimeter of the opening in said 
substrate is located within the opening perimeter the 
opening in each of said plurality of protective layers, is 
and wherein a diameter of an opening of an (n+l)th 
protective layer in the multilayer protection layer is 
larger man a diameter of an opening of an (n)th 
protective layer, wherein "n" is an integer not less than 

1. 20 

2. An optical recording medium according to claim 1, 
wherein said substrate is disk-shaped. 

3. An optical recording medium according to claim 2. 
wherein a center of the opening of said protective layer 
coincides with a center of the opening of said substrate. 25 

4. An optical recording medium according to claim 3. 
wherein each of the opening of said substrate and the 
opening of said protective layer has a round shape. 

5. An optical recording medium according to claim 2. 
wherein each of the opening of said substrate and the 30 
opening of said protective layer has a found shape. 

6. An optical recording medium according to claim L 
wherein a center of the opening of said protective layer 
coincides with a center of the opening of said substrate. 

7. An optical recording medium according to claim 6, 35 
wherein each of the opening of said substrate and the 
opening of said protective layer has a round shape. 

8. An optical recording medium according to claim 1, 
wherein each of the opening of said substrate and the 
opening of said protective layer has a round shape. 40 

9. An optical recording medium according to claim 1, 
wherein the protective layer comprises a photo-cured resin 
composition. 

10. An optical recording medium according to claim 1, 
wherein each of the plurality of protective layers in the 45 
multilayer protective layer comprises a photo-cured resin. 

11. An optical recording medium according to claim 1, 
wherein said multilayer protective layer comprises a first 
protective layer formed on at least a portion of said 
substrate, and a second protective layer formed on said first 50 
protective layer, said first protective layer comprising a 
photo-cured resin composition, the resin composition before 
being cured having a first contact angle with said substrate 
when disposed on said substrate, and said second protective 
layer comprising a photo-cured resin composition, the resin 55 
composition before being cured having a second contact 
angle with said first protective layer when disposed on said 
first protective layer, said first contact angle being smaller 
than said second contact angle. 

12. An optical recording medium according to claim 1, 60 
wherein the (n+l)th layer in the multilayer protective layer 
comprises a photo-cured resin composition, the resin com- 
position before being cured having a first contact angle with 
the (n) th layer when disposed on the (n) th layer, and 
wherein an (n+2)th protective layer comprises a photo-cured 65 
resin composition, said resin composition before being 
cured having a second contact angle with the (n+l)th pro- 
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tective layer, said first contact angle being smaller than said 
second contact angle. 

13. An optical recording medium according to claim 1. 
wherein the multilayer protective layer comprises a first 
protective layer provided on the recording layer and a 
second protective layer provided on the first protective layer, 
the first protective layer containing no additives, and die 
second protective layer containing an antistatic agent or 
lubricant 

14. A process for producing an optical recording medium 
comprising the steps of: 

providing an optically transparent substrate having an 
opening; 

forming a recording layer on the substrate; and 
forming a multilayer protective layer comprising a plu- 
rality of successively formed protective layers on at 
least a portion of the substrate and the recording layer, 
each of said plurality of protective layers having a 
respective opening having a center that coincides with 
a center of the opening of the substrate, each of said 
respective openings being larger than the opening of 
the substrate, and wherein an opening of an (n+l)th 
protective layer in the multilayer protective layers is 
larger than a diameter of an opening of an (n)th 
protective layer, where "n" is an integer not less than 1 . 

15. A process for producing an optical recording medium 
according to claim 14. wherein each of the opening of the 
substrate and the opening of the protective layer has a round 
shape. 

16. A process for producing an optical recording medium 
according to claim 14. wherein each of the successively 
formed protective layers of said multilayer protective layer 
comprises a photo-cured resin. 

17. A process for producing an optical recording medium 
according to claim 14, wherein the step of forming a 
plurality of successively formed protective layers includes; 

forming a first protective layer comprising a photo-cured 
resin composition, the resin composition before being 
cured having a first contact angle with the substrate 
when disposed on the substrate, and 

forming a second protective layer comprising a photo- 
cured resin composition, the resin composition before 
being cured having a second contact angle with the first 
protective layer when disposed on the first protective 
layer, the first contact angle being smaller than the 
second contact angle. 

18. A process producing an optical recording medium 
according to claim 14, wherein the step of forming a 
plurality of successively formed protective layers includes; 

forming an (n+l)th protective layer comprising a photo- 
cured resin composition, the resin composition before 
being cured having a first contact angle with an (n)th 
protective layer when disposed on the (n) th protective 
layer, and 

forming an (n+2)th protective layer comprising a photo- 
cured resin composition, the resin composition before 
being cured having a second contact angle with the 
(n+l)th protective layer when disposed on the (n+l)th 
protective layer, the first contact angle being smaller 
than the second contact angle. 

19. A process for manufacturing an optical recording 
medium according to claim 18. wherein the step of forming 
a plurality of successively formed protective layers includes: 

forming a first protective layer comprising a photo-cured 
resin composition on the substrate directly, the resin 
composition before being cured having a third contact 
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angle with the substrate when disposed on the 
substrate, and 

forming a second protective layer comprising a photo- 
cured resin composition* the resin composition before 
being cured having a forth contact angle with the first 5 
protective layer when disposed on the first protective 
layer, the third contact angle being smaller than the 
forth contact angle. 

20. A method for manufacturing an optical recording 
medium comprising the steps of: 10 

providing an optically transparent disk-shaped substrate 
having an opening defined by an opening periphery 
located at a central portion thereof; 

forming a recording Layer on the substrate; 15 

successively forming a plurality of protective layers on at 
least a portion of the substrate and the recording layer, 
wherein each of the plurality of protective layers is 
formed by 

depositing an annular ring of photccurable resin mate- 20 
rial on the substrate, around the opening periphery of 
the opening in the substrate, or on a preceding 
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protective layer around an opening periphery of a 
respective openings in the preceding protective 
layer; 

spin-coating the annular ring of photocurable resin 
material over at least a portion of the substrate and 
the recording layer, and 
photo-curing the photocurable resin material; and 
wherein positions where respective annular rings of pho- 
tocurable resin material are disposed and selected such 
that each of the openings of the protective layer is 
larger than the opening of the substrate and the opening 
of the respective preceding protective layer. 
21. A method for manufacturing an optical recording 
medium according to claim 20, wherein said forming step 
includes controlling a coating temperature of the respective 
photocurable resin materials. 

22 A method for manufacturing an optical recording 
medium according to claim 20, wherein said forming step 
includes controlling a surface tension or viscosity of the 
respective photocurable resin materials. 

***** 
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[57] ABSTRACT 

On one surface of a disk substrate, a first dielectric layer, a 
thin recording layer, a second dielectric layer and a reflecting 
layer are cumulatively formed. The second dielectric layer is 
thinner than the first dielectric layer and is 35-70 nm thick. 
The reflecting layer is 70-120 nm thick. The total thickness 
of the four layers is 250-430 nm. The compressive stress of 
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method of using the optical recording medium applies the 
MCAV (Modified Constant Angular Velocity) recording 
method which records information by changing recording 
frequencies in accordance with linear velocity. The linear 
velocity is 5-12 m/s. A ratio of an inner circumference 
recording pulse width to an outer circumference recording 
pulse width is 1.2 or more. 
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METHOD OF RECORDING INFORMATION However, when the thickness of the second dielectric 

layer is 30 nm or less, the recording and deleting sensitivities 

This application is a division of U.S. application Ser. No. of the disk decline, so that an expensive high power semi- 

08/452,497 filed May 30, 1995 now allowed. conductor laser has to be used. In addition, the first and the 

5 second dielectric layers are under thermal stress, expanding 

FIELD OF THE INVENTION and shrinking due to rapid heating at 400° C or higher and 

The invention relates to an optical recording medium for repeated recording and deleting. Although the 

(indicated as a disk hereinafter) which can record, reproduce sccond dielcctnc has a smaller heat load man the first 

and delete information at high density and capacity by a didectric &e ty* repeatedly receives thermal stress, 

laser beam or the like, and further relates to a method of 10 ^ Uycr should &us havc ^V^P^ thickness. The thickness 

using the optical recording medium. of &e second dielectric layer has to be selected in consid- 
eration not only of the heat conduction but also of optical 

BACKGROUND OF THE INVENTION properties. 

Reloadable disks are conventionally used for many pur- 15 SUMMARY OF THE INVENTION 
poses. A disk typically includes a disk-type transparent 

substrate, and a thin recording layer on one surface of the It is an object of this invention to solve the above- 
substrate. Data is repeatedly recorded and deleted by revers- mentioned problem by providing an optical recording 
ibly changing the optical density of the thin recording layer. medium, which has high recording sensitivity and is excel- 
Thc thin recording layer of the disk is crystallized in on lent m recording and deleting repeatedly, and a method of 
advance, and is then heated, melted and quenched by using the optical recording medium, 
irradiating the thin recording layer with about a 1 um laser In order to accomplish these and other objects and 
beam and changing the intensity of the beam. As a result, the advantages, the optical recording medium includes a trans- 
layer becomes amorphous and records information. In parent substrate, a first dielectric layer formed on one 
addition, the amorphous recording thin layer is crystallized ^ surface of the transparent substrate, a thin recording layer 
by raising the temperature of the layer in a range between the which is formed on the first dielectric layer, a second 
crystallization temperature and the melting point and then dielectric film formed on the thin recording layer, and a 
annealing the layer, thus deleting information. reflecting layer formed on the second dielectric layer. The 
When a resin substrate, for example, is used for the m™ recording layer has properties of becoming amorphous 
disk-thin recording layer is formed directly on the substrate, 30 after ^ temperature is increased, then melting and quench- 
the substrate is heated to a high temperature in a minute ing by absorbing energy from the irradiation of a laser beam, 
section of about 1 um by recording and deleting and is thus 311(1 of crystallizing its amorphous state by temperature rise, 
deformed. Therefore, in general, a dielectric layer is formed Tht second dielectric layer is thinner than the first dielectric 
as a heat insulating layer between the substrate and the thin ^yer and is 35-70 nm thick, and the thickness of the 
recording layer and between the thin recording layer and a 35 reflecting layer is 70-120 nm. 

layer protecting the thin recording layer (protective layer), It is preferable that the thin recording layer is 18-30 nm 

thus preventing thermal deformation of the substrate. Since thick. The first dielectric layer preferably is 140-210 nm 

the temperature rise, quenching and annealing properties of thick. The first and the second dielectric layers preferably 

the thin recording layer vary due to the heat conduction contain ZnS at 60-95 mol % and Si0 2 at 5-40 mol %. 

properties of the protective layer, recording and deleting 40 The reflecting layer preferably contains Al as a main 

characteristics of the disk are improved by selecting pref- material and at least one metal selected from the group 

erable materials and layer composition. Furthermore, the comprising 1i, Ni, Cr, Cu, Ag, An, Pt, Mg, Si and Mo. 

recording and deleting characteristics of the disk are ^ Uun xeC ording layer preferably contains Te, Ge and 

proved by forming a reflecting ayer on the surf ace of the Sb> and preferably also contains nitrogen. The thin recording 

Aelectac layer facing the protective layer and utOizmg the 45 layer preferably contains GeTe, Sbjft*, Sb and nitrogen, 

multiple mterference of a laser beam. This four-layer disk \™ ... . . Z . * A 

structure is generally well known. n Sf^T"^ ^ " ? r^S^ S ° 

a 7A v i , . * * , _ 0.2^b^0.5 where b is the mol ratio of Sb/Sb 2 Te3. 

A rapid cooling disk stoueJroe is proposed far the four- The optical recardmgmediam preferably r^e^mcludes 

layer reloadable disk. In the rapid cooling disk structure, the « K l ... . "V iTZTji 1 " * IT 

dielectric layer between the flrin recording layer and the 50 f ^ 7 ovcrco^ccU^ Uy^± e x^c^mg 

reflecting layer (identified as a second dielectric layer ^J^^S ^ layer, which preferably gener- 

hereinafter) is thinned so that heat generated in the thin . suess. 

recording layer during recording and deleting is quickly 11 18 P referable ^at the overcoat resin is annealed for 

released to the reflecting layer. The rapid cooling disk stress rclaxation - 

structure has an advantage in that the outer limits of the erase 55 The first dielectric layer, the thin recording lay er, the 

rate and power improve since the temperature of the dielec- second dielectric layer and the reflecting layer are preferably 

trie layers on both sides of the thin recording layer rises by 250-430 nm thick altogether, and preferably have 0.5xl(r 

widely dispersing the heat from the thin recording layer. It dyn/cm 2 or less compressive stress. 

is also advantageous in making the thin recording layer The optical recording medium preferably is recorded with 

amorphous since the layer is cooled quickly in this structure. 60 information on one surface, and an angle where a tangent of 

Japanese Patent Application No. Sho 63-207040 (Published the surface and the horizontal reference plane of the medium 

Unexamined (Laid-open) Japanese Patent Application No. intersect each other is preferably 1-2 rorad so as to protrude 

Hei 02-056746) discloses a rapid cooling disk structure. In the surface. 

this, application, the second dielectric layer is thinner than The transparent substrate preferably has a convex surface, 

the dielectric layer between the disk substrate and the thin 65 An angle where a tangent of the convex surface and the 

recording layer (identified as a first dielectric layer horizontal reference plane of the substrate intersect each 

hereinafter) and is 30 nm thick or less. other is preferably 1-2 rorad, and the first dielectric layer, the 
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thin recording layer, the second dielectric layer and the b is less than 0.2, there is a problem in that the recording 

reflecting layer are preferably cumulatively formed on the amplitude of an inner circumference having a low linear 

convex surface. velocity is reduced. By adding nitrogen to the thin recording 

The method of using an optical recording medium of the layer, the heat conductivity of the layer is reduced. The 

invention applies the MCAV (Modified Constant Angular 5 crystallization speed of the layer is also reduced by increas- 

Velocity) recording method which records by varying iug the amount of Sb. As a result, the recording sensitivity 

recording frequencies in accordance with linear velocity. °f the optical recording medium is improved. 

The linear velocity is 5-12 m/s. The recording pulse width In the MCAV recording method, the recording pulse 

of the inner circumference is larger than that of the outer width of the inner circumference is set larger than that of the 

circumference, and the ratio of the inner circumference 10 outer circumference at 5-12 m/s linear velocity, so that heat 

recording pulse width to the outer circumference recording up temperature at the inner and the outer circumferences 

pulse width is 1J2 or above. The optical recording medium during recording is set equal. Thus, marks of almost the 

includes a transparent substrate, a first dielectric layer same size are formed, thereby reducing mass transfer of the 

formed on one surface of the transparent substrate, a thin thin recording layer, caused by overlapped marks during 

recording layer formed on the first dielectric layer, a second 15 overwriting and improving the cycle properties of overwrite, 

dielectric film formed on the thin recording layer, and a The total thickness of the first dielectric layer, the thin 

reflecting layer formed on the second dielectric layer. The recording layer, the second dielectric layer and the reflecting 

thin recording layer has properties of becoming amorphous i ayer is 250-430 nm. The 3-15 urn thick overcoat resin layer 

after its temperature is increased, then melting and quench- generating tensile stress is formed on the reflecting layer. As 

mgbyabsorbmgene^frommeiixaffl 20 a resultj ^ 0 f me opr ical recording medium is almost 

and of crystallizing its amorphous state by temperature rise. eliminated. Tilt is an angle where the horizontal reference 

The second dielectric layer is thinner than the first dielectric of the medium and a tangent of the surface of the 

layer and is 35-70 nm thick, and the thickness of the medium formed with the layers intersect each other. In 

reflecting layer is 70-120 nm. addition, by using a transparent substrate having a convex 

The recording pulse width preferably is 40-60 ns at 5 m/s 25 surface, the tilt of .the optical recording medium is further 

linear velocity and is 30-40 ns at 12 m/s. minimized. 

The MCAV recording method preferably is applied so as in addition, information is recorded in the MCAV record- 
to record information by varying a record starting point at ing method by varying the record starting point at the 
the maximum of 7.75 um in 5-12 m/s linear velocity. 3Q mayimnm of 7.7 urn within the range of 5-12 m/s linear 

The optical recording medium comprises the transparent velocity, so that the mass transfer at the thin recording layer 

substrate, the first dielectric layer, the thin recording layer, becomes even and the cycle properties of overwrite improve, 
the second dielectric film, and the reflecting layer. The thin 

recording layer has the above-mentioned properties. The BRIEF DESCRIPTION OF THE DRAWINGS 

second dielectric layer is thinner than the first dielectric 35 jtjq 1 is a cross sectional view of an optical recording 

layer and is 35-70 nm thick, and the thickness of the me dium of an embodiment of the invention, 

reflecting layer is 70-120 nm. Thus, the optical recording _„ v . . . . ... , „. _ A . 

medium has high recording sensitivity and excellent ™ a *«> *f. a ^showing the correlation of the 

repeated recordmV and deleting properties. thi ^ ess of a *» rccOTdln g ^ am P htnde ™ d Iccoldm Z 

A mixed material of ZnS and Si0 2 having excellent heat 40 ^1!^* , s . - - . A - ^ ^ 

resisting properties and relatively small heat conduction is ™k ^V* * ^^TS? ?* coir ^ atlon 1 ^ twecn me 

used for the first and the second dielectric layers. The second tmckncss of a 80001x6 <holoctno ^ and am P htude ' 

dielectric layer is 35-70 nm thick, and has not only excellent FIG- 2(c) is a graph showing the correlation between the 

optical properties but also mechanical strength. The second thickness of a reflecting layer and the recording power, 

dielectric layer widens the distance between the thin record- 4S FIG. 3 is a graph showing the tat of an optical recording 

ing layer and the reflecting layer, and slows down the medium of one embodiment of the invention before and 

cooling speed of the thin recording layer. As a result, the after an accelerated test 

recording sensitivity of the optical recording medium is FIG. 4 shows a waveform picture of an optical recording 

improved. medium of one embodiment of the invention after overwrit- 

The thickness and heat capacity of the reflecting layer is 50 ing 100,000 times, 

reduced while the mechanical strength and optical properties typtatt fd nPSPRTFTTON OP THF 

of the layer are maintained, so that recording sensitivity S« 

improves. In other words, the thermal properties and record- INVENTION 

ing sensitivity of the optical recording medium can be Embodiments wifl be explamed by referring to figures. As 

controlled by choosing a preferable layer thickness. Since 55 shown in FIG. 1, an optical recording medium of the 

the reflecting layer utilizes the multiple interference of a invention consists of a transparent disk substrate 1, a first 

laser beam, the layer can prevent deterioration and crystal dielectric layer 2, a thin recording layer 3, a second dielectric 

growth in a high temperature and humidity environment by layer 4, a reflecting layer 5 and an overcoat protective layer 

containing at least one element selected from the group 6. The second dielectric layer is thinner than the first 

comprising Ti, NL, Cr, Cu, Ag, Au, Pt, Mg, Si and Mo in 60 dielectric layer, and the second dielectric layer and the 

addition to AL reflecting layer are 35-70 nm thick and 70-120 nm thick 

The thin recording layer contains Te, Ge and Sb; Te, Ge, respectively, so that recording sensitivity and overwrite 
Sb and nitrogen; GeTe, Sb 2 Teg and Sb; or GeTe, Sb 2 Te 3 , Sb properties improve. The thin recording layer is 18-30 nm, 
and nitrogen. The thin recording layer is composed so that and is also so thin that heat capacity can be minimized and 
0.2 ^0.5 where b is the mol ratio of Sb/Sb 2 Te3. It is not 65 information can be recorded with small power. Disk sub- 
preferable to have b greater than 0.5 since the erase rate strate 1 shown in FIG. lis a transparent resin substrate, such 
declines due to the decrease in crystallization speed. When as a polycarbonate resin substrate, or a glass substrate. First 
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dielectric layer 2 formed on disk substrate 1 is made of, far (3) The thickness of the second dielectric layer 4 will now 
example, a heat resisting mixed material of ZnS and Si0 2 , be explained. The thickness of the layer has to be determined 
and is 140-210 mn thick. Thin recording layer 3 formed on in consideration of optical properties and thermal cooling 
first dielectric layer 2 is made of a mixed material of GeTe, speed. FIG. 2(b) is a graph showing the correlation between 
Sb 2 Te3 and Sb, and nitrogen. The layer is 18-30 nm thick. 5 recording power and signal amplitude when the thicknesses 
The thin recording layer is composed so that 0.2 ^b ^0.5 of the first dielectric layer 2, the thin recording layer 3 and 
where b is the mol ratio of Sh/Sb 2 Te3. Sb has correlations the reflecting layer are fixed at 170 nm, 23 nm and 70 nm 
with crystallization speed. It is not preferable to have b respectively and the thickness of the second dielectric layer 
greater than 0.5 since the erase rate declines due to the 4 is varied. The signal amplitudes from using 70 nm or less 
decrease in crystallization speed. When b is less than 0.2, M thickness of second dielectric layer 4 are within -3 dB of the 
there is a problem in that the recording amplitude of an inner amplitude with 30 nm thickness. When the thickness is more 
circumference having a low linear velocity is reduced. than 70 nm, the signal amplitudes are undesirably small. The 
Second dielectric layer 4 formed on thin recording layer 3 is recording power is 12 mW or less when the thickness is 30 
made of the same material used for first dielectric layer 2, nm or more. Recording thin layer 3 becomes close to 
and is 35-70 nm thick. Reflecting layer 5 formed on second 15 reflecting layer 5 when the thickness of the second dielectric 
dielectric layer 4 utilizes the multiple interference of a laser layer is less than 30 nm. Thus, more heat is likely to disperse 
beam, and is inainly made of AL The thickness of the and sensitivity declines, thus providing undesirable results, 
reflecting layer is 70-120 nm. When only Al is used for the (4) The thickness of the reflecting layer 5 will now be 
reflecting layer, crystal grain size in the layer grows under a explained. The thickness of the layer has to be decided in 
high temperature and humidity environment, so that the ^ consideration of heat capacity and mechanical strength. FIG. 
quality of the layer deteriorates due to intergranular corro- 2(c) is a graph showing recording power when the thick- 
sion. Thus, besides Al, at least one element selected from the nesses of first dielectric layer 2, thin recording layer 3 and 
group comprising H, Ni, Cr, Cu, Ag, Au, Pt, Mg, Si and Mo second dielectric layer 4 are fixed at 170 nm, 23 nm and 40 
is added to the layer so as to prevent crystal growth and mn respectively, and the thickness of the reflecting layer is 
deterioration under the above environment Overcoat resin ^ varied. When the reflecting layer is 120 nm or less thick, 
protective layer 6 formed on reflective layer 5 cures and recording sensitivity with 12 mW or less recording power is 
shrinks r thus generating tensile stress. The layer is made of obtained. Recording power is 9 mW and constant when the 
ultraviolet ray curing resin, and is formed by a spin coat thickness is 70 nm or less. The experiment of overwrite 
method at a thickness of 3-15 urn. A vacuum evaporation cycle properties was directed to disks of various reflecting 
method or a sputtering method is applied to form first 30 layer thickness. In the experiment, random signals, modu- 
dielectric layer 2, second dielectric layer 4, thin recording lated to "2-7" modulation by PPM (Pit Position Modulation) 
layer 3 and reflecting layer 5. recording, were used. At 5 m/s linear velocity, 4.03 MHz 

When a 35 mW semiconductor laser is used so as to was employed as the man'miTm recording frequency, and 
record on a phase change optical disk, the maximum output 8.87 MHz was used as the maxi'innm recording frequency at 
of the disk is 14 mW with 40% transmission efficiency of 35 12 m/s linear velocity. The wavelength of the semiconductor 
optical pickup. In consideration of the unevenness of optical laser was 780 nm, and NA (Numerical Aperture) was 0.5. 
pickup, it is necessary for a disk to record at 12 mW or less. Jitter, gaps between signals to be recorded and recorded 
In order to improve reloading properties by increasing the signals, was measured by a time interval analyzer. As a 
recording sensitivity of a disk, not only optical properties but result when the thickness was less than 60 nm, it was found 
also thermal properties and mechanical strength have to be ^ that the mechanical strength of the reflecting layer was 
considered. weak- With 60 nm or more thickness, the layer had 100,000 

The reasons for specifying the range of layer thickness are or more overwrites. Therefore, the thickness of the reflecting 
explained below. layer is preferably 70-100 nm. 

(1) The thickness of the first dielectric layer 2 will now be If the mixed ratio of Si0 2 in ZnS-Si0 2 constituting first 
explained. The thicknesses of thin recording layer 3, second 45 and second dielectric layers 2 and 4 is 5 mol % or less, the 
dielectric layer 4 and reflecting layer 5 were fixed, and the effect of minimizing crystal grain size is reduced. When the 
thickness of first dielectric layer 2 was varied. Within the ratio is 40 mol % or more, the strength of Si0 2 becomes 
range of 140-210 nm thickness, the absorption Ad of crystal insufficient Thus, is preferable that the mole fraction of 
with optical characteristic, the absorption Aw of an amor- Si0 2 is 5-40 mol %. 

phous state, and the difference in reflectance (AR) of crystal 50 Moreover, the temperature at the inner and the outer 
showing a signal size and the amorphous state almost stayed circumferences during recording is the same since the 
the same. Recording power (C/N ratio>50 dB power) was recording pulse width of the inner circumference is set larger 
also the same. When the thickness was outside the range, than that of the outer circumference. Thus, the sizes of 
mere was a problem in that AR and signal amplitude became recording marks become almost the same at the inner and the 
small 55 outer circumferences, thus minimizing mass transfer at the 

(2) The thickness of the thin recording layer 3 will now be thin recording layer, caused by overlapping marks, and 
explained. FIG. 2(a) is a graph showing recording power signal deterioration. It is preferable that the pulse width of 
when the thicknesses of the first dielectric layer 2, the the inner circumference is 40-60 ns and that of the outer 
second dielectric layer 4 and the reflecting layer 5 are fixed circumference, 30-40 ns. Within these ranges of pulse width 
at 170 nm, 40 nm and 70 nm respectively and the thickness 60 and within the range of 5-12 m/s for the inner and the outer 
of the thin recording layer is varied. According to the graph, circumferences, an overwrite experiment was carried out 
when the recording power is 12 mW or less and amplitude The deterioration of jitter at 100,000 or more overwrites was 
is within ±2 db, the thickness of thin recording layer 3 is not found. Thus, the ratio of pulse width of the inner 
18-30 nm. When the thickness is more than 30 nm, heat circumference relative to that of the outer circumference is 
capacity becomes large and sensitivity lowers. The ampli- 65 1-2 or more. 

tude becomes small when the thickness is less than 18 nm, In the invention, first and second dielectric layer 2 and 4 

thus providing an undesirable result made of ZnS and Si0 2 , thin recording layer 3 comprising Te, 
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Ge, Sb and nitrogen and reflecting layer 5 made mainly of 
Al are formed onali mm thick substrate having a 120nm 
disk diameter. The total thickness of these four layers is 430 
nm or less. When the layers are formed on a signaling 
surface of the disk substrate, the surface protrudes, thus 
generating compressive stress and about 3 mrad tilt. 
Therefore, by forming 3-15 um thick overcoat resin pro- 
tective layer 6 generating tensile stress on the reflective 
layer, the compressive stress is offset As a result, an optical 
disk having little tilt is provided with only about 1-2 mrad 
even on the outer circumference. Overcoat resin protective 
layer 6 cannot offset the compressive stress if its thickness 
is less than 3 um because the strength of the layer is not 
sufficient On the other hand, when the layer is more man 15 
um thick, its tensile stress is so large that the surface of the 
optical disk where the layers are formed becomes concave 
and the tat of the disk becomes large. Thus, the thickness of 
overcoat resin protective layer 6 is preferably 3-15 um. A 
mixed material of acrylic ultraviolet ray curing resin, such as 
urethane acrylate, and acrylic ester monomer is used for 
overcoat resin protective layer 6. However, the material for 
the layer is not limited to this alone. The above-mentioned 
properties can be provided as long as the material for the 
layer has about 10 percentage of contraction by curing. 

A substrate is molded beforehand to have a convex 
surface with 1-2 mrad tilt (surface to be recorded with 
information) relative to an inner circumference reference 
plane. Then, first dielectric layer 2, thin recording layer 3, 
second dielectric layer 4 and reflecting layer 5 are formed on 
the surface. The total thickness of the four layers is 430 nm 
or less, and the compressive stress of the layers is 0.5x10 s 
dyn/cm 2 or less. Ultraviolet ray curing resin is formed on 
reflecting layer 5 at 3-15 um thickness as overcoat protec- 
tive layer 6 for generating tensile stress, thus decreasing tilt 
After forming the overcoat protective, layer on the four 
layers, the substrate and the layers are annealed at 100° C. 
for one hour, so that the stresses of the substrate, the thin 
layers, and the overcoat protective layer are relaxed during 
the forming step. Moreover, the substrate and the layers will 
not be deformed. As a result, the negative effect on recording 
properties caused by tilt such as off-tracking can be mini- 
mized. The above-noted substrate, which has a concave 
surface with 1-2 mrad (surface to be recorded with 
information) relative to an inner circumference reference 
plane, can be easily prepared by means of changing the 
temperature distribution of a metallic mold by an injection 
method. In the above-mentioned method, the tilt of a disk 
can be set to less than 5 mrad. The disk prepared in the 
method described above was placed in an environment of 
80% humidity and 90° for 20 hours (accelerated test), and 
then was removed. The disk was left to sit at room 
temperature, and its tilt was measured. The surface of the 
disk formed with layers warped significantly into a convex 
shape for several hours after removal However, after 48 
hours, the tilt became less than 5 mrad even though the tilt 
of the outer circumference was slightly greater man the tilt 
before the accelerated test (FIG. 3). The tilt was measured by 
an optical disk tester: LM-110 (manufactured by Ono Sokki 
Co., LTD, Japan). 

At the 5-12 m/s linear velocity of the MCAV recording 
method, which records by changing recording frequencies in 
accordance with linear velocity, information is recorded 
within a range where the information is stored in a sector by 
changing a record starting point, and is overwritten evenly 
in the sector. Thus, mass transfer that is generated by 
recording new marks over previously recorded marks 
becomes even. As a result, the optical recording medium of 
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the invention prevents the phenomenon whereby recording 
layers shift to a section and acculmulate where the same 
signals are always recorded such as a resync section, low- 
ering recording sensitivity. This effect of the invention is 
5 significant at a low power side where the overlap of marks 
is small, so that the power margins of overwrite properties 
increase. When the record starting point was changed at the 
maximum of 7.75 um and was shifted by a 0.484 um 
interval, no deterioration was found after overwriting 100, 
10 000 times, as shown in FIG. 4, and the effect was significant. 
The invention is explained in further detail in the follow- 
ing example. 

EXAMPLE 1 

15 On one surface of a 1 2 mm thick polycarbonate substrate 
120 mm in diameter, a 170 nm thick dielectric layer was 
formed of a mixed material of ZnS and Si0 2 mat contained 
Si0 2 at 20 mol %. A 26 nm thick recording layer made of 
^ a material of Te 53i0 Ge 22 . tf Sb a4j 4 (Te:53.0 atoms %, Ge:22.6 
atom % and Sb:24.4 atom %)) mixed with nitrogen was 
formed on the first dielectric layer. On the recording layer, 
a 44 nm thick second dielectric layer was formed of the same 
material as the material used for the first dielectric layer. A 
22 95 nm thick reflecting layer made of Al alloy was formed on 
the second dielectric layer by a sputtering method. The high 
frequency sputtering method was applied to form the first 
and the second dielectric layers with 2 mTorr sputtering 
pressure and by using Ar gas (30SCCM). The direct current 
M sputtering method was applied to form the recording layer 
with 1 mTorr sputtering pressure and by using a mixed gas 
of Ar (15SCCM) and N 2 (0.8SCCM). The reflecting layer 
was formed by the direct current sputtering method with 2 
mTorr sputtering pressure and Ar gas (15SCCM). In order to 
protect the four layers, acrylic ultraviolet curing resin, such 
95 as SD101 (manufactured by DAINIPPON INK & 
CHEMICALS, Japan) which is a mixed material of urethane 
acrylate and acrylic ester monomer, was coated on the 
reflecting layer to 5 um thickness by a spin coat wave, thus 
^ preparing a single plate structure disk. The tilt of the disk 
was measured by an optical disk tester (LM110 manufac- 
tured by Ono Sokki Co., LTD, Japan), and was 3 mrad. The 
recording and erasing properties of the disk were measured 
by an optical disk drive having 2026 rpm, a 780 nm 
J5 semiconductor laser wavelength and 0.5 NA. At the outer- 
most circumference with 12 m/s linear velocity, signals at 
8.87 MHz recording frequency were recorded with 32 ns 
pulse width. The C/N ratio was measured by a spectrum 
analyzer and was 50 dB or more. The build-up power of the 
w C/N ratio was 12 mW. 332 MHz signals were overwritten 
after 8.87 MHz signals were recorded, so that the erase ratio 
was obtained by subtracting spectrum in the process of 
overwriting 3.32 MHz signals from spectrum in the process 
of recording 8.87 MHz signals: mis was 25 dB. 
55 The cycle properties of overwrite were tested. Random 
signals modulated to "2-7" by PPm recording were used to 
test overwrite. 

The method of recording by changing a record starting 
point within a range of keeping recording information in a 
60 sector was applied. The record starting point was changed by 
7.75 um at maximum, and was randomly shifted at an 
interval of 0.484 um within a range. 

At the inner circurnference with 5 m/s linear velocity, 4 
MHz was applied as the highest recording frequency. 8.87 
65 MHz was used as the highest frequency at the outer circum- 
ference with 12 m/s linear velocity. Jitter was measured by 
a time interval analyzer. According to the measurement, no 
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deterioration was found from the beginning to 100,000 or 
more overwrites at 5 m/s and 12 m/s linear velocity. 

EXAMPLE 2 

The following table shows the change in recording sen- 
sitivity and overwrite properties of a disk when the thick- 
nesses of the first and the second dielectric layers and of the 
reflecting layer are changed. The layers were formed by the 
method applied in Example 1. 
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53 


95 


X 


X 



•Thickness of first dielectric layer 
•♦Thickness of second dielectric layer 
•♦•Thickness of reflecting layer 
O: Good, A: Fair, X: Poor 



(v) a reflecting layer formed on said second dielectric 
layer, said reflecting layer being 70-120 nm thick; 
wherein said recording layer has properties of 
becoming amorphous after its temperature is 
increased, then melting and quenching by absorbing 
energy from the irradiation of a laser beam, and of 
crystallizing its amorphous state by a temperature 
rise; and 

(b) recording information by a Modified Constant Angular 
Velocity recording method which comprises changing 
recording frequencies in accordance with linear veloc- 
ity; wherein: 

(i) said linear velocity is in the range of 5-12 m/s; 

(ii) an inner circumference recording pulse width is 
larger than an outer circumference recording pulse 
width, and 

(iii) a ratio of said inner circumference recording pulse 
width to said outer circumference recording pulse 
width is 1.2 or more. 

2. The method as in claim 1, wherein the recording pulse 
width is 40-60 ns at 5 m/s linear velocity and is 30-40 ns at 
12 m/s linear velocity. 

3. The method as in claim 1, the Modified Constant 
Angular Velocity recording method is applied so as to record 
information by changing a record starting point at the 
maximum of 7.75 pm within 5-12 m/s linear velocity. 

4. The method as in claim 1, wherein the th™ recording 
30 layer is 18-30 nm thick. 

5. The method as in claim X, wherein the first dielectric 
layer is 140-210 nm thick. 

6. The method as in claim 1, wherein the first dielectric 
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As has been shown the optical recording medium has high 35 
recording sensitivity and excellent repeated recording and 
deleting properties. 

The invention may be embodied in other forms without 
departing from the spirit or essential characteristics thereof. 
Hie embodiments disclosed in this application are to be 



layer comprises a mixed material of ZnS and Si0 2 ; wherein 
the second dielectric layer comprises a mixed material of 
ZnS and Si0 2 ; and wherein said mixed material comprises 
Si0 2 at 5-40 mol % and ZnS at 60-95 mol %. 

7. The method as in claim 1, wherein the reflecting layer 
comprises Al as a main material and at least one metal 




meaning and range _ 
equivalency of the claims are intended to be embraced 
therein. 
What is claimed is: 

1. A method of using an optical recording medium, 
comprising: 

(a) providing an optical recording medium comprising: 
(i) a transparent substrate having two surfaces, 



comprises Te, Ge and Sb. 
45 9. The method as in claim 8, wherein the recording layer 
further comprises nitrogen. 

10. The method as in claim 1, wherein the recording layer 
comprises GeTe, Sb^Tej, Sb and nitrogen. 

11. The method as in claim 10, wherein the recording 



(ii) afh^tokec^ 50 1^^ 
transparent substrate, So/Sb^ is b. 

(iii) a recording layer formed on said first dielectric 12. The method as in claim 1, wherein the optical record- 
layer, iag medium further comprises a 3-15 um thick overcoat 

(iv) a second dielectric layer formed on said recording rcs * n protective layer on the reflecting layer; said overcoat 
layer, said second dielectric layer being thinner than 55 resin protective layer generating tensile stress. 

said first dielectric layer and being 35-70 nm thick, 
and 
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ABSTRACT 



An optical recording medium is formed to include a 
resinous substrate, a laminate film including an inor- 
ganic dielectric layer and a recording layer, and a resin- 
ous protective film, respectively disposed on the sub- 
strate. The laminate film is formed to have a compres- 
sion stress of 15-55 kg/mm 2 so as to be in a dense film 
free from cracking or peeling. The resinous protective 
layer is formed to have a tensile stress of 2.5-5.5 
kg/mm 2 so as to compensate the compression stress in 
the laminate film, thus preventing warp and skew of the 
optical recording medium. The resinous protective film 
may preferably be formed from a photocurable compo- 
sition comprising an increased amount of a pplyacrylate 
compound providing a dense film and a urethane acry- 
late compound providing a flexibility. 
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difficult to obtain such a single-sided no-adhesive me- 

OPTICAL RECORDING MEDIUM AND PROCESS dium free of warp. 

FOR PRODUCTION THEREOF Thus, there has been known a single-sided no-adhe- 
sive optical recording medium comprising an inorganic 
FIELD OF THE INVENTION AND RELATED 5 d ie i ect ri c layer, a recording layer and a resinous protec- 
ART tj ve i a y er disposed on a substrate and free from further 
The present invention relates to an optical recording application of a rigid substrate, but no single-sided no- 
medium capable of recording, reproduction and/or adhesive medium has been free from warp before the 
erasure of data with a light beam and a process for pre sent invention, 
producing the same. 

Hitherto, as an optical recording medium for record- SUMMARY OF THE INVENTION 
ing or reproducing data with light, there has been i n view of the above problems, an object of the pres- 
known a recording material comprising a recording ^ invention is to prov j de an optical recording medium 
layer formed on a substrate and sandwiched between . ^mized or skew which does not in- 
stabilizing layers comprising an inorganic dielectac for 8 ^ ^Xnmental durability test, 
nreventine deterioration of the recording layer by oxi- crease even aucr uiojviii™. .... . . 

EwK further covered with*a ^ranspVent Another object of the present invention is to provide 
protective layer (U.S. Pat No. 4,370,391 coir, to Japa- an optical recording medium having a minimized bit 
nese Laid-Open Patent Application JP-A-56- 130393). error rate (B.E.R.) and a C/N value which does not 
Such a protective layer has been composed of an inor- 20 deteriorate and ensures a reliability for a long term, 
ganic compound such as Si02- The protective layer is According to an aspect of the present invention, there 
required to be as thick as several microns for surface is provided an optical recording medium comprising: a 
protection. However, such a thick layer of an inorganic resinous substrate, a laminate film including an inor- 
compound such as Si02 is brittle and is liable to crack ganic dielectric layer and a recording layer, and a resin- 
spontaneously. For this reason, a resinous protective 25 Qus protect jve film, disposed on the substrate; wherein 
layer has been proposed including, e.g., one of a photo- ^ resinous pro tective layer has a tensile stress of 
polymerizable organic substance, such ^as an acrylate- 2 5 _ 5 5 kg/mm 2 # md the laminate film has a compres- 
type resinous composition (JP-A-61- 123593). i« « L>t»/mm2 

described above, the recording medium is caused to there is provided an optical recording medium . com- 

have large initial warp and/or skew due to a laree stress prising: a resinous substrate, a laminate film including an 

in the stabilization layer of an inorganic dielectric, inorganic dielectric layer and a recording layer, and a 

which warp and/or skew can be enhanced under an resinous protective film, disposed on the substrate; 

environmental durability test (e.g., by standing for 2000 35 wherein the resinous protective, layer comprises a cured 

hours under 80" C. and 90% R.H.), so that it becomes film of a photocurable resin comprising 60 wt % or 

impossible to load an evaluating apparatus with the more of a polyfunctional acrylate compound having 5 

recording medium, thus failing in recording, reproduc- or more functional groups and 10 wt. % or less of a 

tion or erasure, in some cases. More specifically, the ur ethane acrylate compound. 

optical recording medium is deformed to be convex on 40 According to a further aspect of the present inven- 

the side of the laminate film due to a stress in the lami- ^ ^ m fe provided a proce ss for producing an opti- 

nate film. j recording medium, comprising: 

In case where the recording layer and mor^mc di- ^ substrate with a laminate film includ- 

SSSS^ 45 ^ an Organic 

stres^in the resultant laminate film, the warp and skew so as to provide the laminate film with a compression 

can be decreased but the deterioration of the laminate stress of 15-55 kg/mm', and 

film, such as occurrence of cracks in or peeling of the coating the laminate film with a resinous protective 

inorganic dielectric film, is liable to occur and the oxi- layer so as to provide the resinous protective layer with 

dation or corrosion of the recording layer is developed 50 a tensile stress of 2.5-5.5 kg/mm 2 , 

from the resultant defects to cause difficulties, such as These and other objects, features and advantages of 

an increase in bit error rate (B.E.R.) and deterioration the present invention will become more apparent upon 

of C/N value. a consideration of the following description of the pre- 

Herein, the warp refers to a deformation of the opti- ferred embodiments of the present invention taken in 

cal recording medium in the radial direction, and the 55 conjunction with the accompanying drawings, 
skew refers to a deformation of the optical recording 

medium in the circumferential direction. BRIEF DESCRIPTION OF THE DRAWINGS 

Heretofore, for the purpose of preventing the warp of piG. 1 is a schematic sectional view of an embodi- 

the medium, a pair of identical structures having oppo- ment of ^ optical recording medium according to the 

site recording layers have been applied to each other to 60 esent mvC ntion 

provide a double-sided disk or a ^ ^™Js*P&* FIG. 2 is a schematic sectional view illustrating a 

S^Sa ^r 81 P warp of an optical recording medium. 

^rSn" ^tw^ver, a thinner and lighter me- Fia 3 is a schematic s«*ional view for mustrating a 

dium has been required, so that a single-sided no-adhe- 65 method of measuring a stress in a resinous protective 

sive medium having no rigid substrate applied thereto film. 

but having only a resinous protective layer on the re- FIG. 4 is a view for illustrating a method of measur- 

cording layer has been proposed, but it has been very ing a stress in a laminate film. 
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amorphous recording layer and 400 A-thick Tb-Fe 
DETAILED DESCRIPTION OF THE amorphous recording layer/700 A-thick Si 3 N 4 layer by 

INVENTION sputtering, the first Si*N4 layer may be formed under a 

FIG. 1 shows an embodiment of the optical recording sputtering pressure of 0. 1-0.3 Pa and an input power of 
medium according to the present invention. Referring 5 500-1500 W, the recording layer may be formed under 
to FIG. 1, an optical recording medium 8 has a lami- 0.2-0.5 Pa and 500-1500 W, and the second ShN 4 layer 
nated structure comprising a resinous substrate 1, inor- may be formed under 0.1-0.3 Pa and 500-1500 W to 
ganic dielectric layers 2 and 4, a recording layer 3, and provide a laminate film with a compression stress of 
a resinous protective layer 5, wherein the recording 15-55 kg/mm 2 . 

layer 3 and inorganic dielectric layers 2 and 4 in combi- 10 In the present invention, it is also possible to form a 
nation constitute a laminate film 6. reflecting film of, e.g., Al, on the laminate film includ- 

The (compression) stress in the laminate film 6 ac- ing the inorganic dielectric layer and recording layer so 
cording to the present invention may preferably be in as to improve the C/N value. 

the range of 15-55 kg/mm 2 , particularly 20-50 kg/mm 2 The resinous protective film may suitably be formed 
in view of the stability of the recording layer. If the 15 from a resin providing its cured film with a tensile stress 
laminate film 6 has a stress below 15 kg/mm 2 , the lami- of 2.5-5.5 kg/mm 2 , which may be thermosetting resin, 
nate film, particularly the inorganic dielectric layer photo-curable resin and electron beam-curable resin, 
therein is liable to cause cracking or peeling, and if the From the viewpoint of providing a protective film ca- 
stress exceeds 55 kg/mm 2 , the optical recording me- pable of preventing transmission of oxygen and mois- 
dium causes a large degree of warp and skew to result in 20 ture and having an appropriate tensile stress, photo- or 
cracking or peeling of the laminate film. Further, in case ultraviolet-corable or electron beam-curable resin may 
of an optomagnetic recording medium, a laminate film suitably be used. The ultraviolet-curable resin may suit- 
thickness in the above range provides a large magneto- ably be an aery late-type resin composition or a photo- 
optical Kerr rotation angle to result in a good S/N of polymerizable epoxy resin, particularly an acrylate-type 
detection signal. 25 resin composition for easy adjustment of the stress. The 

The resinous protective film 5 according to the pres- ultraviolet-curable acrylate-type resin may suitably 
ent invention may have a tensile stress of 2.5-5.5 comprise (A) a prepolymer component, (B) a reactive 
kg/mm 2 , preferably 3-5 kg/mm 2 for prevention of diluent component, and (C) a photopolymerization infti- 
warp. A stress in the resinous protective film 5 in the ator, wherein the components (A) and (B) are mixed in 
above range provides a good balance with the stress in 30 proportions of 0-100 wt. % t preferably, 5-95 wt. % and 
the laminate film 6 to provide an optical recording me- 100-0 wt %, preferably, 95-5 wt. %, respectively, and 
dium with little deformation. the component (C) is preferably contained in a propor- 

In the present invention, the recording layer 3 may tion of 0.1-10 wt. %. Examples of the component (A) 
preferably comprise an inorganic material, examples of may include polyester acrylate, urethane acrylate, and 
which may include amorphous magnetic recording 35 epoxy acrylate. The component (B) may suitably be a 
materials, such as TbCO, GdTeCO, GdFeCO and mono-functional monomer or a polyfunctional mono- 
GdTbFeCo; Bi, Al; calcogenides comprising Se, Te, mer, such as an acrylic acid ester of a polyhydric alco- 
etc; and alloys of these. The recording layer can have a hoi. The component (C) may be ay known photopolym- 
laminate structure of these materials. The recording erization initiator but may preferably be one providing 
layer may preferably have a thickness of 20CM000 A, 40 a composition with a good storage stability, examples of 
particularly 500-900 A. Further, in the present inven- which may include initiators of benzoin alkyl ether- 
tion, the recording layer can constitute a reflection type, acetophenone-type, propiophenone-type, an- 
layer for a readout beam for reproducing data recorded thraquinone-type, and thioxanthone-type. These initia- 
in advance, which is not used for writing data therein. tors may be used singly or in a mixture of two or more 

The inorganic dielectric layers 2 and 4 may prefera- 45 species in any proportions, 
bly comprise SiO x , ZnS, SiC, etc., among which In the present invention, an ultraviolet-curable acry- 

SUSa is particularly preferred. The inorganic dielectric late-type resin composition providing a cured film with 
layer is formed on at least one side of the recording a tensile stress of 2.5-5.5 kg/mm 2 may be selected from 
layer 3 but is preferably formed on both sides of the those described above. 

recording layer in order to sufficiently protect the re- 50 A preferred class of the acrylate-type resin composi- 
cording layer. tion may be formed as a mixture comprising 60 wt. % or 

The inorganic dielectric layer may preferably have a more of a polyfunctional acrylate compound having 5 
thickness of 100-1000 JL further preferably 400-1000 or more functional groups (i.e., acrylate groups) as a 
A, particularly 450-750 A. component (B) and 10 wt. % or less of a urethane acry- 

The layers in the laminate film 6 may preferably be 55 late compound as a component (A). The resin composi- 
formed by vapor deposition, such as vacuum evapora- tion provides a dense protective layer having a high 
tion or sputtering, so as to provide a uniform film, and degree of crosslinking and thus having a high tensile 
sputtering is particularly preferred since the stress in stress and small moisture absorptivity and permeability 
' these layers can be easily controlled. The stress in the through polymerization under irradiation with light or 
laminate film 6 can be adjusted by controlling the film- 60 electron beam because it contains 60 wt % or more of 
forming conditions of the respective layers including the polyfunctional acrylate compound, and also pro- 
the inorganic dielectric layer(s) and recording layer, vides the protective film with a sufficient flexibility free 
inclusive of sputtering pressure, input power and dispo- from cracking, etc., while retaining a high stress, be- 
sition oftargetin case of sputtering, and further control cause it contains lOwt. % or less of the urethane acry- 
of N2 partial pressure. More specifically, in case of 65 late compound so as to compensate for a decrease in 
forming a laminate film composed of inorganic dielec- flexibility of the protective film caused by the increased 
trie layer/recording layer/inorganic dielectric layer content of the polyfunctional acrylate compound. Fur- 
comprising 650 A-thick S13N4 layer/400 A-thick Gd-Tb ther, the resultant resinous protective film has a high gel 
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content and contains little non-reacted monomer, so ence of a catalyst in a catalytically effective amount, 

that corrosion or pitting of the recording layer due to which may preferably be 0.001-1.0 wt. %, particularly 

such non-reacted monomer can be suppressed to pro- 0.01-0.2 wt. %, of the c-caprolactone. Examples of the 

vide an optical recording medium having minimized catalyst effective for the reaction may include: organic 

skew or warp, a decreased B.E.R., little degradability in 5 titanium compounds, such as tetraisopropyl titanate and 

C/N value and thus having a particularly excellent tetrabutyl titanate, and tin compounds, such as tetraphe- 

long-term reliability. " nyltin and tetraoctyltin. The reaction between the car- 

The urethane acrylate compound is free from remain- bonate diol and the €-caprolactone may be initiated at a 

ing of acrylic acid at the time of curing and has a small temperature of 1 10°-200° C. and continued for a time 

moisture-absorptivity and a large heat resistance com- 10 sufficient for the completion of the reaction. The cca- 

pared with other flexibility imparting compounds, such prolactone may preferably be used m an amount of 1-5 

as epoxy acrylate, polyester acrylate and polyether mols per mol of the carbonate diol. 

acrylates, so that it is particularly suitably used in the In order to mmimize oxidation as a side reaction, the 

resinous protective layer according to the present in- reaction may preferably be effected in an inert gas atmo- 

vention. 15 s P here of nitrogen, etc. The reaction mixture including 

In the resinous protective layer, the polyfunctional the addition condensation product thus obtained can be 

acrylate compound having 5 or more functional groups used as it is in a subsequent reaction, 

may preferably constitute 60 wt. % or more, particu- The urethane acrylate compound in the present in- 

larly 75 wt. % or more, further preferably 85 wt. % or vention may preferably contain averagely 1-5 mols of 

more, of the components constituting the resinous pro- 20 c-caprolactone added thereto. 

tective layer. Further, the urethane acrylate compound Next, examples of the organic polyisocyanate (II) 

may preferably constitute 10 wt % or less, particularly may include isophorone diisocyanate, hexamethylene 

2-8 wt. %, of the components constituting the protec- diisocyanate, tolylene diisocyanate, xylylene dusocya- 

tive layer. * nate. diphenylmethane-4 f 4'-diisocyanate, lysine diisocy- 

Examples of the polyfunctional acrylate compound 25 anate, and dimer acid diisocyanate. The urethane for- 

having 5 or more functional groups may include: dipen- mation reaction between the addition condensation 

taerythritol hexaacrylate, dipentaerythritol pentaacry- product (I) ancj the organic polyisocyanate (II) may 

late, dipentaerythritol hexamethacrylate, dipentaery- preferably be effected at 50 9 -%W C. 

thritol hexa(o)-acryloyloxy-€-caproate), and dipentaery- Examples of the hydroxyacrylate compound (III) 
thritol hexa(o>-methacryloyloxy-e-caproate). These 30 may include hydroxyethyl acrylate and hydroxypropyl 

compounds may be used singly or in mixture. Among acrylate. In the acrylate formation reaction, a hydrox- 

these, dipentaerythritol hexaacrylate is particularly yacrylate compound may be used in a stichiometnc 

preferred in respect of providing a high stress and a amount or a small excess thereof for acrylatmg the 

high degree of crosslinking. terminal isocyanate group resultant in the above uretha- 

The urethane acrylate compound may be prepared by 35 nation. The reaction may be efTected in the presence of 

urethanation between an addition condensation product. a known catalyst, such as a tertiary amine, dibutyltin 

of a carbonate diol (average molecular weight =5- dilaurate or dioctyltin dilaurate in order to promote the 

00-5000) and c-caprolactone (I) and an organic polyiso- reaction between the isocyanate group and the hy- 

cyanate (II), followed by acrylate formation by reaction droxyl group. In order to prevent gel formation due to 
with a hydroxyacrylate compound (HI). 40 radical polymerization during the reaction, it is pre- 

The carbonate diol giving the urethane acrylate com- ferred to add a polymerization inhibitor, such as hy- 
pound according to the present invention may for ex- droquione, hydroquinone monomethyi ether, methyl- 
ample be prepared through transesterification between hydroquinone, p-benzoquinone or phenothiazme in a 
(a) a carbonate derivative which may be selected from proportion of 50-2000 ppm in advance of the reaction, 
a class including diaryl carbonates or dialkyl carbon- 45 The reaction temperature may preferably be 60*-90 C. 
ales, such as diphenyl carbonate, bischlorophenyl car- The resin composition for providing the resinous 
bonate, dinaphthyl carbonate, phenyl tolyl carbonate, protective layer according to the present invention may 
phenyl chlorophenyl carbonate, 2-tolyl 4-tolyl carbon- preferably contain a photopolymerization initiator in 
ate, dimethyl carbonate and diethyl carbonate, and (b) a addition to the above components (A) and (B). 
diol or a polyester diol which may be selected from 50 The photopolymerization initiator may be selected 
diols, such as 1,6-hexanediol, neopentyl glycol, 1,4- from a wide scope of compounds which can absorb 
butanediol, 1,8-octanediol, l,4-bis(hydroxymethyl)cy- ultraviolet rays to generate radicals. Representative 
clohexane, 2-metbylpropanediol, dipropylene glycol examples thereof may include acetophenones, such as 
and dibutylene glycol, or polyester diols obtained by p-tert-butyltrichloroacetophenone, 2,2'-diethox- 
reacting the diols with dicarboxylic acids, such as oxalic 55 yacetophenone and 2-hydroxy-2-methyl-l- phenylpro- 
acid, malonic acid, succinic acid, adipic acid, azelaic pane-l-one; ketones, such as benzophenone, Michler's 
acid, and hexahydrophthalic acid. ketone, 2K:hlorotmoxanthone, and 2isopropylthioxan- 

The thus obtained carbonate diol may be a monocar- thone; benzoin and benzoin ethers, such as benzoin 

bonate diol having one carbonate structure in its mole- isopropyl ether; and benzil and benzil ketals, such as 
cule or a polycarbonate diol having two or more car- 60 benzil dimethyl ketal, and hydroxycyclobexyl phenyl 

bonate structures in its molecule. Commercially avail- ketone. 

able examples of the carbonate diol may include: De- These photopolymerization initiators may be used 

smophen 2020E (mfd. by Sumitomo Bayer K.K.), DN- singly or in mixture of two or more species. The photo- 

980 (Nihon Polyurethane K.K.), DN-981 (Nihon Poly- polymerization initiator may preferably be added in a 
urethane K.K.), and DN-983 (Nihon Polyurethane 65 proportion of 0.1-10 wt. %, particularly 1-5 wt %. 

K K \ * The composition for the resinous protective layer can 

The reaction between the carbonate diol and the further contain other additives, such as silane coupling 

c-caprolactone may preferably be effected in the pres- agent, polymerization inhibitor, and leveling agent 
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These additives may be added in a proportion of 0-5 wt. input power: 500 W). a laminate ma^ette recording 
%, respectively, of the composition. layer 3 including a 400A-tmck amorphous GdTb layer 
In addition to the above polyfunctional compound and a 400 A-thicfc TbFe layer respectively formed by 
and the urethane acrylate compound as preferred com- sputtering (prasure: 03 P^mput power: 500 W) and 
ponents, the photo-curable composition can further 5 then with a 700 A-thick Si 3 N 4 layer formed by sputter- 
contain other compounds selected from the above com- ing (pressure: 0 2 Pa, mput power: 500 W) to form a 
ponents (A) and (B), a preferred example of which may laminate film 6 having a compression stress of about 30 
be a polymerizable monomer having four or less func- kg/W. Separately, an acrylate-type ultrav,olet-cura- 
tional groups, such as TMPTA (trimethylolpropane ble resin having the following composition was pro- 
triacrylate and MANDA (neopentyl hydroxypivalate 10 vided. 

diacrylate). The addition amount thereof should prefer- 

ably be suppressed in the range of 0-30 wt. %, particu- ~ (Composition) 

larly 0-15 wt .%, so as to prevent corrosion and warp of ,^ memaiiipaiaeTyiluitol soZT% 

the laminate film. hc*kacrylate (trade name: KAYARAD DPCA-30. 

The resinous protective layer m the optical recording 15 mla . by Nfoon Kayako K.K.) 
medium according to the present invention may prefer- Dioune glycol diacrylate (trade name: KAYARAD 45 wt. % 
ably have a thickness of 2-20 microns, particularly 5-15 ^•™ fd b y N ^^^^> . Swt % 

microns. , Above 20 microns, . . IRG-184, mfd. by Ciba-Geigy A.G.) 

layer is liable to peel due to curing shrinkage. On the — — 

other hand, below 2 microns, the laminate film 6 cannot 20 _. _ . 

be sufficiently protected from external damage. The ultraviolet-curable resin was applied on the lam> 

The resinous protective layer according to the pres- nate film by spin coating at 4000 rpm for 7 sec., loi- 
ent invention may be formed by application of the com- lowed by curing with irradiation from a UV lamp 7 
position by means of a spin coater, a roller coater, a bar issuing rays at a wavelength of 365 nm and an ^tensity 
coater, etc., followed by irradiation with ultraviolet 25 on the surface of 233 mW/cm* for 7 sec, to form a 7 
rays or electron beam for curing. micron-thick resinous protective film havmg a tensile 

The resinous substrate 1 may be composed of acrylic stress of 2-6 kg/mm*, thereby obtaining an optical re- 
resin, polycarbonate resin, polystyrene resin, polyolefin cording medium, 
resin. The substrate may preferably have a thickness EXAMPLE 2 

free from difficulty in recording and/or . reproduction 30 . 
due to dust attached to the surface thereof, for example. An optical recording medium was prepared m the 
0.3-5 mm, particularly about 0.8-1.5 mm. same manner as in Example 1 except that the UV-cura- 

A pair of the optical recording media according to ble resin was replaced by one having the following 
the invention can be applied to each other with an adhe- composition to form a protective resin layer havmg a 
sive disposed between the resinous protective layers so 35 tensile stress of 3.5 kg/mm 2 . 

as to dispose tjie resin substrates on the outer sides, thus. ' 

forming a double-sided medium. However, the medium * (Composition) 

according to the present invention is particularly effec- ■ — . . . mwt ~ 

tively Jed as a single-sided optical recording medium ^^Z^Tnt^ZTL. by 
which is liable to warp. 40 Nihon Kayaku K.K.) 

It is possible to include particles of alumina, zirconia, Dioxane glycol diacrylate (Kayarad r-604, mfd. 35 wt. % 
SiN, Si0 2 , T1O2, etc., as a filler in the resinous protec- by Nihon Kayaku K.K.) 
tive layer The surface smoothness of the resinous pro- "SEE^S ^ 

tective layer can be improved by inclusion of such parti- J. 2 ^ — 

cles, so that it becomes possible to prevent crush of a 45 

magnetic head in an optical recording medium of the EXAMPLE 3 

magnetic field-modulated overwrite-type having an , , , 

amorphous magnetic recording layer and using a float- An optical recording medium was prepared in the 
ing type magnetic head. same maimer as in Example 1 except that the UV-cura- 

As described above, according to the present inven- 50 ble resin was replaced by one havmg the following 
tion, there is provided an optical recording medium composition to form a protective resin layer havmg a 
which is free from cracking or peeling of the laminate tensile stress of 5.0 kg/mm 2 . 

film, has a minimized warp or skew and accordingly has 

suppressed the occurrence of errors in the recording, : : (composition) " 

reproduction and erasure. 55 

further, the present invention provides an optical by 
recording medium which is free from corrosion or pit- Njhon 

ting of the laminate film due to residual monomer, etc., Dioxane glycol diacrylate (kayarad r-«>4, mfd. 25 wt % 
in the resinous protective layer, is free from deteriora- by Nihon Kayaku K.K.) • 

tion, has minimized warp or skew and thus can retain a 60 ^^^ n ) uubltor < IRG " 184 ' 5wt% 

long term reliability. — 

Hereinbelow, the present invention will be explained 
in more detail with reference to the Examples. EXAMPLE 4 

EXAMPLE 1 65 An optical modulation-type overwritable optical re- 

A 1.2 inm-thick polycarbonate substrate having a cording medium was prepared in the same manner as in 

guide groove and a preformat pit was coated with a 500 Example 1 except that the laminate film was formed by 

A-thick S13N4 layer 2 by sputtering (pressure: 0.2 Pa, sputtering on the polycarbonate substrate 1 so as to 
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comprise a 600 A-thick SiN layer 2 (sputtering pressure: 
0.3 Pa, input power: 500 W), a laminate magnetic layer 
3 including a 400 A-thick TbFeCo magnetic layer and 
an 800 A-thick GdDyFeCo magnetic layer (sputtering 
pressure: 0.3 Pa, input power: 500 W) and a 900 A-thick 5 
SiN layer (sputtering pressure: 0.3 Pa, input power: 500 
W) to have a compression stress of 30 kg/mm 2 . 

COMPARATIVE EXAMPLE 1 

An optical recording medium was prepared in the 10 
same manner as in Example 1 except that the UV-cura- 
ble resin was replaced by one having the following 
composition to form a protective resin film having a 
tensile stress of 12 kg/mm 2 . 



(Composition) 



20 



Neopeaty] glycol diacrylaie (di-functional) 


40 


wt. 


% 


(KAYARAD-NPGDA, Nihon Kayaku K.K.) 


40 






TMPA (tri-functional) (KAYARAD-TMPTA. 


wt 


% 


Nihon Kayaku K.K.) 


10 






Dicyclopenteny] acrylate (FA-37A, 


wt 


% 


Hitachi Kasei ICR.) 








Photopolymerization initiator (KAYACURE BP, 


10 


wt. 


% 


Nihon Kayaku K.K.) 









The optical recording medium was accompanied 
with little warp or skew and no increase in warp or 
skew was observed after a durability test, but the lami- 
nate film caused a crack to result in corrosion in the 
recording layer. 

Tables 1 and 2 appearing at the end hereof summarize 
measured data of warp, skew, C/N value and B.E.R. for 
the optical recording media prepared in the above Ex- 
amples and Comparative Examples as prepared and 
after a durability test for 2000 hours under the condi- 
tions of 80' C. and 90% RH, and the stress values in the 
resinous protective layers and laminate films in the 
media. 

The measurement of C/N value and B.E.R. were 
15 performed by using an optomagnetic recording and 
reproduction tester (trade name: OS-2000, mfd. by 
Nakamichi K.K..) for recording and reproducing 5 MHz 
signals at a revolution speed of 1800 rpm and reproduc- 
tion at a laser power of 5 mW. 

EXAMPLE 5 

An optical recording medium was prepared in the 
same manner as in Example 1 except that the UV -cura- 
ble resin was replaced by one having the following 
25 composition to form a protective resin layer having a 
tensile stress of 4.9 kg/mm 2 . 



COMPARATIVE EXAMPLES 2 AND 3 

Optical recording media were prepared in the same 
manner as in Example 1 except for using the following 

compositions for preparing the resinous protective lay- 30 Caprolactone-modified dipentaerythritol 

* I A....AM*t]Mkn /If A VAD 



(Composition) 



ers. 



(Composition for Comparative Example 2) 



DipeDtaerythritol hexaacrylaie (hexa-functional) 50 wt. % 
(DPCA-60, mfd. by Nihon Kayaku K-K.) 

Dicyclopenteny] acrylatc (mono-functional) 40 wt. % 

Urethane acrylate (Allonix M-l 100, mfd. by Toa 5 wt % 
Gosei Kagaku K.K.) 

Photopolymcrization initiator (IRG-184, Nihon 5 wt. % 

Ciba-Gcigy UK. 



hexaacrylaie (hexa-functional) (KAYARAD 
DPCA-30, mfd. by Nihon Kayaku K.K.) 
Urethane acrylate (Arronix M-l 100, Toa .Gosei 
Kagaku K.K.) 

Photopolymerization initiator (IRG-184, mfd. 
35 by Ciba-Gcigy A.G.) 



85 wt. % 



10 wt. % 



5 wt % 



EXAMPLES 6-9 

Optical recording media were prepared in the same 
40 manner as in Example 1 except for using the following 
composition for preparing the resinous protective lay- 
ers. 



(Composition for Comparative Example 3) 

Dipentaerythritol hexaacrylate (hexa-functional) 
(DPCA-60, Nihon Kayaku K.K.) 
Urethane acrylate (Arronix M-l 100, Toa Gosei 
Kagaku K.K.) 

TMPTA (KAYARAD-TMPTA Nihon Kayaku K.K.) 
Photopolymerization initiator (IRG-184, Nihon 
Ciba-Oeigy UK.) 



40 wt % 45 

20 wt. % 

35 wt % 
5 wt % 



(Composition for Example 6) 



. 50 



Dipentaerythritol monohydroxypentaacrylate (penta- 
functional) (SR-399, mfd. by Sartomer Co.) 
Urethane acrylate (Allonix M-l 100, mfd. by Toa 
Gosei Kagaku K.K.) 

Photopolymerization initiator (IRG-184, Nihon 
Ciba-Gcigy KjCj 



90 wt. % 
5 wt % 
3 wt % 



COMPARATIVE EXAMPLE 4 

A 1.2 mm-thick polycarbonate substrate 1 having a 
guide groove and a preformat pit was coated with a 500 55 
A-thick inorganic dielectric layer of S13N4 formed by 
sputtering (pressure: 0.4 Pa, input power: 500 W), a 
laminate optomagnetic recording layer 3 including a 
400 A-thick amorphous GdTb layer and a 400 A-thick 
amorphous TbFe layer respectively by sputtering (pres- 60 
sure: 0.6 Pa, input power: 550 W), and then with a 700 
A-thick inorganic dielectric layer of SiN formed by 
sputtering (pressure: 0.4 Pa, input power: 500 W) to 
form a laminate film having a compression strength of 
11 kg/mm 2 , followed by coating with a 7 micron-thick 65 
protective layer of a photo-cationically polymerizable 
epoxy resin (trade name: KR-400, mfd. by Asahi Denka 
K K.) to form an optical recording medium. 



(Composition for Example 7) 



Alkyl-modified dipentaerythritol peotaacrylate 


94 wt. 


% 


(penta-tunctionaJ) (KAYARAD D-310, 






Nihon Kayaku K.K.) 






Urethane acrylate (ARTRESIN UN-9000, Negami 


4wt 


% 


Kogyo K.K.) 






Photopolymerization initiator (IRQ- 184, Nihon 


2wt 


% 


Oba-Geigy K.K.) 







(Com position for Example 8) 

Alkyl-modified dipentaerythritol pentaacrylate 62 wt % 

(pento-functiona!) (KAYARAD D-310, 
Nihon Kayaku K.K.) 

Urethane acrylate (ARTRESIN UN-9000, Negami 4 wt % 



11 

-continued 
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-continued 



(Composition for Example 8) 



(Composition) 



Kogyo K.K.) 

Photopolymerization initiator (IRG-184, Ninon 5 wt. % 

Ciba-Geigy K.K.) 

TMPTA (KAYARAD-TMPTA, Nihon Kayaku K.K.) 15 wt. % 
MANDA (KAYARAD-MANDA, Nihon 14 wt. % 
Kayaku K.K.) 



(Composition for Example 9) 



DipentaerythritoJ monohydroxypentaacrylate (SR-399) 75 wt % 

Urethane acrylatc (ARTRBSIN UN-9000, Negami 6 wt. % 
Kogyo K.K.) 

Photopolymcrization initiator (IRG-184, Nihon 5 wt. % 
Ciba-Geigy K.K.) 

MANDA (KAYARAD-MANDA, Nihon 14 wt % 

Kayaku K.K.) — 



10 



15 



20 



(Composition for Example 10) 



Dipentaerythritol hexaacrylate (hexa-functional) 90 wt. % 

(KAYARAD DPCA-30, Nihon Kayaku K.K.) 
TMPTA (tri-functional) (KAYARAD TMPTA, 5 wt % 

Nihon Kayaku K.K.) 

Photopolymerization initiator (IRG-184, Nihon Ciba- 5 wt % 
Geigy K.K.) 



(Composition for Example 1 1) 



Dipentaerythritol hexaacrylate (hexa-functional) 
(KAYARAD DPCA-30, Nihon Kayaku K.K.) 
Bisphenol A diglycidyl ether (Epikotc 828, Yuka 
ShcD K.K.) 

Photopolymerization initiator (IRG-184, Nihon Ciba- 
Geigy K.K.) 



85 wt. % 



10 wt % 



5 wt. % 



EXAMPLE 12 

A 1.2 mm-thick polycarbonate substrate 1 having a 
guide groove and a preformat pit was coated with a 100 
A-thick inorganic dielectric layer of SiN formed by 
sputtering (pressure: 0.25 Pa, input power: 500 W), a 
laminate recording layer 3 including a 100 A-thick 4 * 
amorphous OdFeCo layer and a 200 A-thick amor- 
phous TbFeCo layer respectively by sputtering (pres- 
sure: 0.4 Pa, input power: 540 W), and then with a 300 
A-thick inorganic dielectric layer 4 of SiN formed by 
sputtering (pressure: 0.25 Pa, input power: 500 W) to 50 
form a laminate film having a compression strength of 
15 kg/mm 2 . 

Then, a UV-curable resin having a composition 
shown below was applied by spin coating (4000 rpm, 7 
sec) on the laminate film and then cured by irradiation 
from a UV lamp 6 issuing UV rays of 365 nm having a 
intensity on the surface of 233 mW/cm 2 for 7 sec., to 
form a 7 micron-thick resinous protective layer 5, 
thereby obtaining an optical recording medium. 



TMPTA (KAYARAD-TMPTA, Nihon Kayaku K.K.) 15 wt. % 
MANDA (KAYARAD-MANDA, Ninon 14 wt. % 
Kayaku K.K.) 

The measured data of warp, skew, C/N value and 
B.E.R. for the optical recording media according to the 
above Examples 5-12 as prepared and after a durability 
test for 2000 hours under the conditions of 80° C. and 90 
% RH, and the stress values in the resinous protective 
layers and the laminate films, are also shown in Tables 
1 and 2 appearing at the end. 

As shown in Table 1, the optical recording media 
obtained in Example 1 showed improvements in re- 
spects of warp and skew even in the initial stage and 
showed substantially no increase in warp or skew even 
after the durability test. 

Further, as shown in Examples 5-9 and 12, when a 
photocurable composition comprising 60 wt. % or 
more of a polyfunction^ acrylate compound having 5 
or more functional groups and 10 wt. % or less of a 
urethane acrylate was used for constituting the resinous 
25 protective layer, there was provided an optical record- 
ing medium which caused no corrosion in the laminate 
film, no decrease in C/N value or no increase in B.E.R. 

On the other hand, as shown in Table 2, Comparative 
Examples 1, 2 and 3 provided optical recording media 
30 which showed warp and skew which were large even at 
the initial stage and further increased after the durability 
test, due to a small stress in the resinous protective 
layer. Further, these media caused corrosion or pitting 
in the optical recording, thus causing a deterioration in 
both C/N value and B.E.R. Further, the medium ac- 
cording to Comparative Example 4 having a small stress 
in the laminate film caused a decrease in warp and skew 
but also resulted in a crack in the laminate film. 
The stress referred to herein in the resinous protec- 
40 tive layers is based on values measured according to the 
following method. Referring to FIG. 3, a silicon disk 
substrate 10 is coated with a sample photocurable resin 
composition used for constituting the resinous protec- 
tive layer, followed by curing, to form a prescribed 
thickness (5-8 microns) of a cured film 9. The coated 
substrate is placed on a stress gauge 11 (mfd. by Ionic 
Systems K.K.), the resultant warp d is measured as 
shown in FIG. 3, and the stress cr in the cured resin film 
is calculated according to the following equation (1). 



35 



<r=(<//>*) [£5/3(1 -v)] tf#/Tf) 



(0 
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(Composition) 



wherein 

Es: Young's modulus of the silicon substrate, 

v: Poisson ratio of the silicon substrate, 

Ts: thickness of the silicon substrate, 

Tf: thickness of the cured resin film, and 

r: radius of the silicon substrate. 

Further, the stress in the laminate film is based on 

values measured according to the following method. 

That is, the stress cr' in the laminate film 6 is calculated 

according to the following equation (2). 



Alkyl-mpdified dipentaerythritol pentaacrylate 62 wt % 

(peott-functional) (KAYARAD D-310, 
Nihon Kayaku K.K.) 

Urethane acrylate (Allonix M-l 100, Toa Gosei 4 wt. % 

Kagaku K.K.) 

Photopolymerization initiator (IRG-184, Nihon 5 WU % 

Ciba-Geigy K.K.) 
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<r i =E&/6{\-v)rd 
wherein 

E: Young's modulus of the substrate (constant), 
v. Poisson ratio of the substrate (constant), 



(2) 
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r: radius of curvature resultant in the substrate, hav- 
ing the laminate film 6 thereon, 



"After test" in the heading means the value after the 
durability test. 

TABLE 1 





Warn 1 (am) 


SkewH 


Stress (kft/mro 2 ) 










B.E.R. 








After 




After 


Resin 


Laminate 




After 


■ 

Evalu* 




Alter 


Evalu - 




Initial 


test 


Initial 


test 


layer 


film 


Initial 


test 


ation 


Initial 

initial 


test 




Ex. 




























-18 


-19 


0.11 


0.12 


+2.6 


-30 


51 


45 


B 


1.0 x io- 6 


0.8 X 10- 4 


B 




-20 


-20 


0.13 


0.13 


+3.5 


-27 


50 


44 


B 


1.0 x io- 6 


1.0 x io- 4 


B 




-22 


-22 


0.14 


0.14 


+5.0 


-33 


50 


45 


B 


1.0 x io- 6 


1.0 X io- 4 


B 




-16 


-17 


0.10 


0.10 


+2.8 


-30 


51 


44 


C 


1.0 X io- 6 


1.1 x io- 4 


B 




-10 


-12 


0.08 


0.09 


+4.9 


-30 


50 


49 


A 


1.0 x io- 6 


0.9 X IO" 6 


A 




-8 


-9 


0.07 


0.07 


+5.0 


-27 


52 


51 


A 


1.0 x io- 6 


1.0 x io- 6 


A 




-5 


-7 


0.05 


0.06 


+ 5.3 


-33 


53 


50 


A 


0.8 X IO" 6 


0.9 X 10~* 


A 




-18 


-18 


0.13 


0.13 


+3.7 


-30 


52 


50 


A 


1.1 x io- 6 


1.0 X IO- 6 


A 




-13 


-14 


0.11 


0.10 


+4.2 


-32 


53 


52 


A 


1.0 x io- 6 


0.9 X IO- 6 


A 




-20 


-19 


0.10 


an 


+5.2 


-31 


50 


40 


C 


1.0 x io- 6 


1.1 x io- 2 


D 




-10 


-11 


0.09 


0.10 


+4.8 


-29 


51 


43 


C 


1.0 x io- 6 


0.7 X IO- 3 


C 




-7 


-9 


0.06 


0.07 


+3.7 


-15 


53 


52 


A 


0.8 X IO- 6 


0.9 X IO" 6 


A 


TABLE 2 




Warn 1 (urn) 


Skewf) 


Stress 


OtR/mm 2 ) 




C/N (dB) 






B.E.R. 








After 




After 


Resin 


Laminate 




After 


Evalu- 




After 


Evalu* 




Initial 






test 


layer 


film 


Initial 


test 


ation 


Initial 


test 


ation 


Comp. 


























Ex. 


-130 


-179 


0.32 


0.39 


+ 1.2 


-29 


50 


41 


C 


0.4 X IO- 6 


1.0 x io- 3 


C 


2 


-25 


-27 


0.21 


0.23 


+2.3 


-28 


52 


42 


C 


1.1 x io- 6 


1.0 x io- 3 


c 


3 


-139 


-180 


0.35 


0.37 


+ 1.9 


-30 


49 


39 


c 


1.0 X 10~* 


1.0 X IO"" 3 


c 



d: thickness of the laminate film, and 

b: thickness of the substrate (constant). 
Herein, referring to FIG. 4, the radius of curvature r is 
calculated by measuring the number of Newton rings m 
resultant on the laminate film 6 formed on the substrate 35 
1 by means of a Zygo's interferometer 41 including a 
light source 12, lenses 13, a filter 14 and a camera 15, 
and by using the following equation (3). 



=a 2 /m\ 



(3) 40 



45 



wherein 
a: radius of the substrate, and 

X: wavelength of light from the source 12 in the inter- 
ferometer. 

The warp and skew are based on values measured by 
a flatness tester (trade name: KS-916, mfd. by Anritsu 
Denki K.K.). 

The measured data for the above Examples and Com- 
parative Examples are summarized in the following 50 
Tables 1 and 2, wherein the evaluation was performed 
according to the following standards: 
[C/N] 

The decrease in C/N value after the durability test 
was classified according to the following standards: 

A: 3 dB or below, B: 4-5 dB, C: 7 dB or above. 
[B.E.RJ 

The value after the durability test was classified ac- 
cording to the following standards: 

A: Retained at a level of 10- 6 

B: Lowered to a level of 10~ 4 

C: Lowered to a level of 10-* 

D: Lowered to a level of 10" 2 

Further, the sign before the value of warp indi- 
cates that the warp occurred to form a convexity on the 65 
laminate film side. 

The sign before the stress value indicates a ten- 
sile stress and the sign indicates a 
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What is claimed is: 

1. An optical recording medium comprising: a resin- 
ous substrate, a laminate film including an inorganic 
dielectric layer and a recording layer, and a resinous 
protective film, disposed on the substrate; wherein the 
resinous protective layer has a tensile stress of 2.5-5.5 
kg/mm 2 , and the laminate film has a compression stress 
of 15-55 kg/mm 2 . 

2. A medium according to claim 1, wherein the resin- 
ous protective film comprises a cured film of a photo- 
curable resin. 

3. A medium according to claim 1, wherein the re- 
cording layer comprises an inorganic compound. 

4. A medium according to claim 1, wherein the inor- 
ganic dielectric layer is disposed on both sides of the 
recording layer to form the laminate film. 

5. A medium according to claim 3, wherein the re- 
cording layer has a laminated structure including a 
plurality of layers comprising mutually different inor- 
ganic compounds. 

6. A medium according to claim 1, wherein the inor- 
ganic dielectric layer comprises at least one species 
selected from the group consisting of Si^N* SiO,, ZnS 
and SiC. 

7. A medium according to claim 1, wherein the re- 
cording layer has a thickness of 200-1000 A. 

8. A medium according to claim 1, wherein the inor- 
ganic dielectric layer has a thickness of 400-1000 A. 

9. A medium according to claim 2, wherein the 
photo-curable resin comprises 60 wt. % or more of a 
polyfunctional acrylate compound having 5 or more 
functional groups and 10 wt. % or less of a urethane 
acrylate compound. , 

10. A medium according to claim 9, wherein the 
polyfunctional acrylate compound comprises dipenta- 
erythritol hexaacrylate. 
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11. A medium according to claim 9, wherein the 
urethane acrylate compound is contained in a propor- 
tion of 2-8 wt. % of the photo-curable resin. 

12. A medium according to claim 1, wherein the 
recording layer comprises an amorphous magnetic re- 5 
cording layer. 

13. A medium according to claim 1, wherein the 
laminate film includes a reflecting layer. 

14. A medium according to claim 1, wherein the 
resinous protective layer has a tensile stress of 3-5 
kg/mm 2 . 

15. A medium according to claim 1, wherein the 
laminate film has a compression stress of 20-50 
kg/mm 2 . 15 

16. An optical recording medium, comprising: a res- 
inous substrate, a laminate film including an inorganic 
dielectric layer and a recording layer, and a resinous 
protective film, disposed on the substrate; wherein -the 
resinous protective layer comprises a cured film of a 20 
photocurable resin comprising 60 wt. % or more of a 
polyfunction^ acrylate compound having 5 or more 
functional groups and 10 wt. % or less of a urethane 
acrylate compound. ^ 



17. A medium according to claim 16, wherein the 
polyfunctional acrylate compound comprises dipenta- 
erythritol hexaacrylate. 

18. A medium according to claim 16, wherein the 
urethane acrylate compound is contained in a propor- 
tion of 2-8 wt % of the photo-curable resin. 

19. A process for producing an optical recording 
medium, comprising: 

coating resinous substrate with a laminate film includ- 
ing an inorganic dielectric layer and a recording 
layer so as to provide the laminate film with a 
compression stress of 15-55 kg/mm 2 , and 

coating the laminate film with a resinous protective 
layer so as to provide the resinous protective layer 
with a tensile stress of 2.5-5.5 kg/mm 2 . 

20. A process according to claim 19, wherein the 
laminate film is formed by sputtering or evaporation. 

21. A process according to claim 19, wherein the 
laminate film is formed to have a compression stress of 
20-50 kg/mm 2 , and the resinous protective film is 
formed to have a tensile stress of 3-5 kg/mm 2 . 

22. A process according to claim 19, wherein the 
laminate film is formed by sputtering. 
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(54) Optical information recording medium 

(57) An optical information recording medium 
includes a transparent substrate, a thin film layer formed 
on said transparent substrate and having a recording 
film, a thin film protecting film formed on said thin film 
layer, and a substrate protecting film formed on said 
transparent substrate. A neutral plane of deformation 
caused by a temperature change of the optical informa- 



tion recording medium is present within the thin film 
layer. Consequently, it has become possible to provide 
an optical information recording medium which can pre- 
vent deformation (warpage) caused by temperature and 
humidity changes and be readily manufactured. 
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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to an optical information reoording medium for recording and reproducing 
information, and more particularly, to an optica) information recording medium which can suppress warpage caused by 
a change in environments or variance with time. 

BACKGROUND OF THE INVENTION 

w 

[0002] As an example optical information recording medium for recording and reproducing information, a thin disk 
type has been known. Figure 6(a) is a plan view of such an optical information recording medium and Figure 6(b) is a 
side elevation thereof. 

[0003] Figure 7 is a schematic cross section shewing an arrangement of a conventional optical information record- 
is ing medium 110. 

[0004] As shown in Fig ure 7, the conventional optical information recording medium 1 1 0 includes a disk (see Figure 
6(a)) substrate 120 made of polycarbonate or the like, on which a single- or multi-layer thin film layer 140 comprising 
thin films, such as dielectric films 141 and 143 (silicon nitride, etc.). a recording film 142 (TbFeCo, etc.), and a reflecting 
film 144 (Al, etc.), is formed by means of sputtering or the like. 

20 [0005] Also, a thin film protecting film 1 50 made of a resin film or the like is formed on the thin film layer 1 40, and a 
substrate protecting film 130 made of resin or the like is formed on the light incident surface of the substrate 120. 
[0006] The thicknesses of these films and layers are as follows: the thickness of the substrate 120 is approximately 
1 .2 mm; the thickness of the single- or multi-layer thin film layer 140 formed by means of sputtering or the like is 10-30 
nm; the thickness of the thin film protecting film 150 is 1-30 um; and the thickness of the substrate protecting film 130 

25 is 1 -30 nm. Thus, the substrate 120 made of polycarbonate occupies most of the optical information recording medium 
110 in thickness. 

[0007] The rigidity of the optical information recording medium 1 10 depends almost entirely on the substrate 120, 
and because the substrate 120 is sufficiently thick, deformation caused by a change in environments (temperature and 
humidity changes) is quite small. For this reason, a balance of stress and a bending moment of each layer has not been 

30 considered generally in most of the cases. 

[0008] However, there has been a demand to further increase recording and reproducing density of the optical 
information recording medium, and the substrate has been made thinner (for example, the thickness is now reduced to 
0.6 mm from 1 .2 mm) to suppress the occurrence of aberration. As a result, the rigidity of the optical information record- 
ing medium is reduced, and larger deformation occurs due to stress produced in each layer forming the optical informa- 

35 tion recording medium with a change in environments (temperature and humidity changes), thereby posing a problem 
that information can not be readily recorded and reproduced. Thus, there has been an increasing need for an optical 
information recording medium which can maintain good performance in response to a change in environments even if 
its rigidity is reduced by employing a thinner substrate. 

[0009] Japanese Laid-open Patent Application No. 195745/1992 (Japanese Official Gazette. Tokukaihei No. 4- 
40 195745, published on July 15, 1992) discloses a technique of suppressing deformation of the optical information 
recording medium, by which a warpage preventing dielectric film is provided on the back surface (the surface on which 
the thin film layer is not formed) of the substrate (prior art 0). 

[001 0] Figure 8 is a cross section showing an arrangement of the above optical information recording medium (prior 
art ®). In Figure 8, like components are labeled with like reference numerals with respect to Figure 7 for ease of expia- 

45 nation. As shown in Figure 8, a dielectric layer 160 is provided on the light incident side of the substrate 120 made of 
polycarbonate, so that the same expansion coefficient is given to the recording film 142 and dielectric layer 160 which 
are provided respectively at the both sides of the transparent substrate 120. Consequently, because the optical infor- 
mation recording medium has a symmetrical structure with respect to the substrate 120, warpage of the optical infor- 
mation recording medium can be prevented. 

so [0011] Also, Japanese Laid-open Patent Application No. 641 19/1998 (Japanese Official Gazette, Tokukaihei No. 
10-64 1 19, published on March 6, 1 998) discloses that, by making a thin film protecting film thicker (30-50 nm), warpage 
occurring with increasing temperatures can be prevented (prior art @). 

[0012] Further, Japanese Laid-open Patent Application No. 364248/1992 (Japanese Official Gazette, Tokukaihei 
No. 4-364248, published on December 16, 1992) proposes an optical information recording medium which can solve 
55 problematic warpage caused by a humidity change. This optical information recording medium includes, as shown in 
Figure 9, a thin film protecting film 150. a thin film layer 140. a substrate 120, a substrate protecting film 130, and in 
order to solve the problem, it additionally includes a moisture permeation preventing film 170 made of Si0 2 , AIN, etc. 
between the substrate 1 20 and substrate protecting film 1 30 (prior art <§)). In Figure 9, like components are labeled with 



2 



EP1031 972 A2 

like reference numerals with respect to Figures 7 and 8 for ease of explanation. 

[001 3] However, according to the technique disclosed in Japanese Laid-open Patent Application No. 1 95745/1 992 
supra (see Figure 8, prior art ®), the dielectric layer 160 has to be provided on the light incident side of the substrate 
1 20 by means of sputtering or the like. In this case, the manufacturing procedure includes forming the thin film layer 1 40 

5 on one surface of the substrate 120, turning over the substrate 1 20, and forming the dielectric layer 160 on the opposite 
surface. Thus, not only the manufacturing procedure becomes complex, but also expensive manufacturing facility is 
required, thereby posing a problem that the manufacturing costs are undesirably increased. 
[0014] Also, the technique (prior art ©) of Japanese Laid-open Patent Application No. 64119/1998 supra poses a 
problem that the thin film protecting film is so thick that it can not be readily formed. In addition, in case that the optical 

io information recording medium is a magneto-optical recording medium, for example, in order to turn an applied magnetic 
field inversely at a high speed while information is being recorded, it is preferable to approximate the thin film layer to 
magnetic field generating means. However, a too thick thin film protecting film can cause problematic deterioration of 
magnetic characteristics. 

[0015] Further, the technique of Japanese Laid-open Patent Application No. 364248/1992 supra (see Figure 9, 
15 prior art @) demands the moisture permeation preventing film 170 made of Si0 2 , AIN, etc. to be provided on the light 
incident side of the substrate 120 by means of sputtering or the like. In this case, the manufacturing procedure includes 
forming the thin film layer 140 on one surface of the substrate 120, turning over the substrate 120, and forming the mois- 
ture permeation preventing film 170 on the opposite surface. TTius, not only the manufacturing procedure becomes 
complex, but also expensive manufacturing facility is required, thereby posing a problem that the manufacturing costs 
20 are undesirably increased. 

SUMMARY OF THE INVENTION 

[0016] It is therefore an object of the present invention to provide an optical information recording medium which 
25 can prevent deformation (warpage) caused by temperature and humidity changes and be readily manufactured. 

[001 7] In order to fulfQl the above and other objects, an optical information recording medium of the present inven- 
tion is characterized by being furnished with: 

a thin film layer, formed on a substrate, for recording and reproducing information; and 
30 a thin film protecting film, formed on the thin film layer, for protecting the thin film layer, 

a neutral plane of deformation in a thickness direction caused by a temperature change being present in a vicinity 
of the thin film layer. 

[001 8] According to the above arrangement, the optical information recording medium has a multi-layer structure in 
35 which the thin film layer and thin film protecting film are formed on the substrate. 

[001 9] If the substrate is made thinner in the optical information recording medium having such a multi-layer struc- 
ture, the rigidity is reduced, thereby posing a problem that warpage occurs in the thickness direction toward the thin film 
protecting film in response to a temperature change. 

[0020] To solve the above problem, a conventional optical information recording medium employing a thin substrate 
40 is additionally provided with a warpage preventing dielectric layer. This solution, however, raises another problem that, 
by providing the additional layer, the number of manufacturing steps and manufacturing costs are undesirably 
increased. In particular, because the dielectric layer is formed on the opposite side (the side opposite to the side where 
the thin film layer is formed) of the substrate, the substrate has to be turned over after the thin film layer is formed. 
Accordingly, not only the manufacturing procedure becomes complex, but also expensive manufacturing facility is 
45 required, thereby increasing the manufacturing costs. 

[0021] In contrast, according to the arrangement of the present invention, the neutral plane of deformation in the 
thickness direction caused by a temperature change is present in the vicinity of the thin film layer. In other words, bend- 
ing moments applied on the thin film layer from the substrate side and thin film protecting film side are substantially can- 
celled out with each other. 

so [0022] More specifically, warpage of the optical information recording medium in the direction toward the thin film 
protecting film is caused by a bending moment applied on the thin film layer from the substrate side. Thus, according to 
the arrangement of the present invention, the bending moment applied on the thin film layer from the substrate side is 
cancelled out with a bending moment applied thereon from the thin film protecting film side, and the vicinity of the thin 
film layer serves as the neutral plane of deformation in the thickness direction. Hence, the optical information recording 

55 medium of the present invention causes warpage neither in the thickness direction nor in the opposite direction. 

[0023] Consequently, different from the conventional arrangement, the additional warpage preventing dielectric 
layer can be omitted, thereby eliminating the problem that the manufacturing procedure becomes complex and the 
manufacturing costs are increased. 
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[0024] in order to fulfill the above and other objects, another optical information recording medium of the present 
invention is characterized by being furnished with: 

a thin film layer, formed on a substrate, for recording and reproducing information; 
5 a thin film protecting film, formed on the thin film layer, for protecting the thin film layer; and 

a substrate protecting film, formed on the substrate on a surface opposite to a surface where the thin film layer is 
formed, for protecting the substrate, 

a moisture permeation degree of the substrate protecting film being smaller than a moisture permeation degree of 
the thin film protecting film. 

10 

[0025] In case of the optical information recording medium in which the thin film layer and thin film layer protecting 
film are formed on one side of the substrate and the substrate protecting film on the other side, only a slight quantity of 
water is absorbed from the external and reaches the substrate in the thin film protecting film side because of the thin 
film layer interposed therebetween, whereas water readily reaches the substrate in the substrate protecting film side. 
is Thus, there is a problem that a volume change occurs locally on the substrate in response to a humidity change, 
thereby causing warpage of the optical information recording medium. 

[0026] in order to solve such a problem, a conventional optical information recording medium is additionally pro- 
vided with a moisture permeation preventing film which can prevent warpage caused by a humidity change. This solu- 
tion, however, raises another problem that, by providing the additional layer, the number of manufacturing steps and 
20 manufacturing costs are undesirably increased. In particular, because the moisture permeation preventing film is pro- 
vided between the substrate and substrate protecting film, the substrate has to be turned over after the thin film layer is 
formed. Accordingly, not only the manufacturing procedure becomes complex, but also expensive manufacturing facility 
is required, thereby increasing the manufacturing costs. 

[0027] In contrast, according to the arrangement of the present invention, a moisture permeation degree of the sub- 
25 strate protecting film is smaller than that of the thin film protecting film. Hence, because absorption of water from the 
substrate protecting film side can be reduced, warpage of the optical information recording medium caused by a humid- 
ity change can be suppressed. 

[0028] Consequently, different from the conventional arrangement, the additional moisture permeation preventing 
film can be omitted, thereby eliminating the problem that the manufacturing procedure becomes complex and the man- 
30 ufacturing costs are increased. 

[0029] For a fuller understanding of the nature and advantages of the invention, reference should be made to the 
ensuing detailed description taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

[0030] 

Figure 1 is a schematic cross section showing an arrangement of an optical information recording medium in 
accordance with an embodiment of the present invention; 
40 Figures 2(a) and 2(b) are views explaining warpage of the optical information recording medium; 
Figure 3 is a view explaining a multi-layer beam; 

Figure 4 is a view showing time dependency of a variation of warpage angles in response to a temperature change; 
Figure 5 is a view showing time dependency of a variation of warpage angles in response to a humidity change; 
Figure 6(a) is a plan view showing an arrangement of a typical optical information recording medium, and Figure 
45 6(b) is a side elevation thereof; 

Figure 7 is a schematic cross section showing an arrangement of a conventional optical information recording 
medium; 

Figure 8 is a schematic cross section showing an example of a conventional optical information recording medium; 
Figure 9 is a schematic cross section showing another example of a conventional optical information recording 
so medium; 

Figure 10 is a view showing time dependency of a variation of warpage angles in response to a temperature 
change in an optical information recording medium as one example of the present invention; and 
Figure 1 1 is a view showing time dependency of a variation of warpage angles in response to a humidity change in 
an optical information recording medium as one example of the present invention. 

55 
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DESCRIPTION OF THE EMBODIMENTS 
(Embodiment 1) 

5 [0031] The following will explain an optical information recording medium of the present embodiment, and the prin- 
ciple of the present invention will be given in the first place. 

(D Principle 

w [0032] As has been discussed in the BACKGROUND OF THE INVENTION, the optical information recording 
medium disclosed in Japanese Laid-open Patent Application No. 195745/1992 supra (see Figure 8) suppresses warp- 
age of the optica) information recording medium by forming the layers symmetrically with respect to the transparent sub- 
strate 120. 

[0033] In this regard, with an optical information recording medium 10 including, as shown in the schematic cross 
is section of Figure 1 , a thin film protecting film 50, a thin film layer 40, a transparent substrate (substrate) 20, and a sub- 
strate protecting film 30, the inventors of the present invention discovered that (a) warpage of the optical information 
recording medium 10 can be suppressed by positioning the thin film layer 40 (or the vicinity thereof) at the center of 
deformation caused by a temperature change, that is, making the optical information recording medium 10 symmetrical 
with respect to the thin film layer 40, and (b) the thin film protecting film 50 can be made thinner while warpage is sup- 
20 pressed. This will be described more in detail in the following. 

[0034] As shown in Figure 1, the optical information recording medium 10 includes the transparent substrate 20 
made of polycarbonate or the like, on which the single-or multi-layer thin film layer 40 comprising thin films, such as die- 
lectric films 41 and 43 (silicon nitride, etc.), a recording film 42 (TbFeCo, etc.). and a reflecting film 44 (Al, etc.), is 
formed by means of sputtering or the like. In addition, the thin film protecting film 50 mainly made of resin is formed on 
25 the thin film layer 40, and the substrate protecting film 30 mainly made of resin is formed on the transparent substrate 
20 on the opposite surface to the surface where the thin film layer 40 is formed, so that the transparent substrate 20 is 
protected. 

[0035] As has been discussed, the optical information recording medium is generally composed of multiple layers, 
and because each layer has different linear expansion coefficient as one of the physical properties, stress produced in 

30 each layer in response to a temperature change is also different. 

[0036] To be more specific, the transparent substrate 20 made of polycarbonate, substrate protecting film 30, and 
thin film protecting film 50 normally have larger linear expansion coefficients than the thin film layer 40, and expansion 
of the thin film layer 40 in the radius direction of the substrate is quite small compared with that of the other layers. Also, 
the thickness of the transparent substrate 20 is quite large compared with the thicknesses of the substrate protecting 

35 film 30 and thin film protecting film 50, and each thin film forming the thin film layer 40 has quite large Young's modulus 
compared with the other layers. Thus, in response to a temperature change, the thin film layer 40 expands slightly while 
the transparent substrate 20 expands significantly. As a result, the optical information recording medium 10 readily 
causes warpage in a direction perpendicular to the radius direction toward the thin film protecting film 50 in the film 
thickness direction. Figure 2(a) is a plan view schematically explaining warpage. and Figure 2(b) is a side elevation 

40 thereof. 

[0037] In the present embodiment in order to prevent such warpage, a bending moment is applied to the thin film 
layer 40 in the opposite direction to a bending moment applied thereto from the transparent substrate 20 by adjusting 
the linear expansion coefficient, Young's modulus, and film thickness of the thin film protecting film 50 formed on the 
thin film layer 40. Then, by using a plane parallel to the film surface within the thin film layer 40 (or in the vicinity thereof) 
45 as a neutral plane of deformation, deformation (warpage shown in Figures 2(a) and 2(b)) caused by a temperature 
change can be suppressed. 

[0038] To be more specific, the optical information recording medium 1 0 of the present invention is arranged in such 
a manner that a neutral plane of deformation in the thickness direction caused by a temperature change is present in 
the vicinity of the thin film layer 40. In other words, the optical information recording medium 1 0 of the present invention 

so is arranged in such a manner that bending moments applied on the thin film layer 40 from the substrate 20 side and thin 
film protecting film 50 side in response to a temperature change are substantially cancelled out with each other. 
[0039] In order to realize such an arrangement, the thickness, Young's modulus, linear expansion coefficient of 
each of the substrate 20. thin film layer 40, and the thin film protecting film 50 (particularly the thin film protecting film 
50) are set to their respective desired values. 

55 [0040] The linear expansion coefficient, Young's modulus, film thickness of the thin film protecting film 50 are set in 
accordance with the approximate calculations set forth below. 

[0041 ] In the optical information recording medium 1 0, three kinds of stress are produced in response to a temper- 
ature change: stress (axial tension) applied in the radius direction; stress applied in a circumferential direction; and 
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stress applied in the film thickness direction. However, because the optical information recording medium 10 is a disk, 
the stress applied in the circumferential direction is even within the circumference, and a force in the film thickness 
direction is applied evenly within each layer. Therefore, these two kinds of stress can be assumed as non-contributing 
factors to deformation. Hence, deformation, that is, warpage (see Figures 2(a) and 2 (b)), of the optical information 
5 recording medium 1 0 can be replaced with warpage in a multi-layer beam which corresponds to the cross section of the 
same. Figure 3 shows the multi-layer beam, in which n-layer beam are illustrated, where n represents the number of 
layers in the optical information recording medium. In case of the optical information recording medium 10 of Figure 1, 
n=7. 

[0042] Warpage angles 8 in the multi-layer beam in response to a temperature change can be expressed by follow- 
to ing Equations (1) through (5) derived from a balance of the axial tension Pj (i=1, 2 n) and bending moment M { in 

each layer: 

M^EjI/R, (1) 
15 a ,T + (P /M } E ,) - (t ,/2R ,) » a w T+ (P l+1 /bt M E + (t l+1 /2R (2) 



X (3) 

20 

S W /+ P 1 {y-(f 1 /2)}+P 2 {y-f r (f 2 /2)}+- • - +P n {y-r r f 2 (r n /2)}=0 (4) 



e=tan' 1 ((L-2)/R (5) 

where 



30 




linear expansion coefficient of the i layer 






Young's modulus of the i layer 






thickness of the i layer 




Pi* 


axial tension in the i layer 




Mj: 


bending moment in the i layer 


35 


R,: 


radius of curvature 




",: 


secondary moment of the i layer's cross section 




b: 


width of multi-layer beam (unit length) 




T: 


temperature change 




L: 


length of a beam 


40 


y: 


neutral plane's position in the n-layer beam 



6: warpage angles (see Figure 3) at the largest variation part when a length l=4 mm. 



[0043] Because the thickness of each layer is far smaller than the radius of curvature, the radius of curvature (Rj) 
in each layer (i=1 , 2, • • • , n) can be deemed as equal ( R 1 =R 2 =R 3 = • • • =R ). Also, a temperature change (T) is a 
45 temperature change in the usable temperature environment (generally, from -15°C to 80°C) of the optical information 
recording medium. 

[0044] In Equations (1) through (5) above, the thickness, linear expansion coefficient (a), and Young's modulus (E) 
of each layer (particularly those of the thin film protecting film 50, because those of the thin film layer 40 are often deter- 
mined in advance by characteristics of the optical information recording medium) are determined in such a manner that, 
so when y is set within the thin film layer 40, small 6 is given, that is, a large radius of curvature (R) is given. Consequently, 
an optical information recording medium which can suppress warpage shown in Figures 2(a) and 2(b) caused by a tem- 
perature change can be obtained. 

[0045] Incidentally, when the thin film protecting film 50 in the optical information recording medium becomes 
thicker, it becomes more difficult to form the same by means of spin coating. Also, in case that the optical information 
55 recording medium is a magneto-optical recording medium, if the thin film protecting film 50 becomes thicker, the mag- 
netic head is spaced apart farther from the thin film layer 40, which is not preferable from the view points of magnetic 
characteristics. In view of the foregoing, the film thickness of the thin film protecting film 50 is preferably set to 30 urn or 
less, and more preferably to 20 urn or less. Thus, the thin film protecting film 50 has to satisfy the above film thickness 
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condition (30 urn or less (preferably 20 or less)), and at the same time it has to be made of materials having the 
linear expansion coefficient (a) and Young's modulus (E) such that can reduce e in Equations (1) through (5) above. 
According to Equations (1) through (5) above, even if the film thickness is small, 0 can be reduced by making at least 
one of the linear expansion coefficient (a) and Young's modulus (E) large. 

5 [0046] As has been discussed, with the optical information recording medium 10 of the present embodiment, the 
occurrence of warpage can be suppressed by setting the physical properties of each layer (particularly the thin film pro- 
tecting film 50) in such a manner that the neutral plane of deformation caused by a temperature change is positioned 
within (or in the vicinity of) the thin film layer 40. In addition, of all the layers forming the optical information recording 
medium 10, the thin film layer 40 having the slowest deformation rate causes the slightest deformation, and overshoot 

10 of variation, which causes a problem when a temperature actually changes, also becomes small. Further, because only 
the substrate protecting film 30 mainly made of resin has to be formed on the light incident side of the transparent sub- 
strate 20, the optical information recording medium 10 can be manufactured more readily in comparison with the spin 
coating or the like, thereby simplifying the manufacturing procedure. 

[0047] The above description explained that the physical properties of each of the layers (particularly the thin film 
is protecting film 50) forming the optical information recording medium 1 0 are set by using the materials characteristics of 
these layers, so that the neutral plane of deformation caused by a temperature change is present within (or in the vicin- 
ity of) the thin film layer 40. However, in general, each layer forming the thin film layer 40 of the optical information 
recording medium 10 is so thin that the thin film layer 40 can be deemed as a single layer, and the physical properties 
of each layer (particularly the thin film protecting film 50) may be set in such a manner that the bending moments 
20 applied on the thin film layer 40 in response to a temperature change from the both sides (the transparent substrate 20 
and substrate protecting film 30 side and the thin film protecting film 50 side) are substantially cancelled out with each 
other. In this case, warpage of the thin film layer 40 caused by a temperature change can be also eliminated almost 
completely. By taking the fact that the transparent substrate 20 has a considerable thickness into consideration, in order 
to reduce the thickness of the thin film protecting film 50 (30 ^m or less (preferably 20 ^m or less)), at least one of the 
25 linear expansion coefficient (a) and Young's modulus (E) of the thin film protecting film 50 has to be larger than those 
of the transparent substrate 20. 

@ Examples 1 and 2 and Comparative Example 1 

30 [0048] Next, the following will explain examples of the optical information recording medium 10 formed based on 
the above principle. In Examples 1 and 2 and Comparative Example 1 , the thin film layer 40 was made of an aluminum 
nitride layer alone. This is because, in most of the cases, deformation of the thin film layer 40 is caused by the dielectric 
layer made of aluminum nitride, etc. Also, in Examples 1 and 2 and Comparative Example 1, the substrate protecting 
film 30 was omitted. Thus, it should be appreciated that when the substrate protecting film 30 is formed, the physical 

35 properties of each layer (particularly the thin film protecting film 50) have to be set in consideration of the presence of 
the substrate protecting film 30. 

[0049] A medium formed as Example 1 included a substrate (transparent substrate) 20 made of polycarbonate, on 
which an aluminum nitride thin film layer (thin film layer 40), and UV curable resin 1 (thin film protecting film 50) 
designed under the conditions in accordance with Equations (1) through (5) above were formed. An optical information 
40 recording medium formed as Comparative Example 1 included a polycarbonate substrate, on which an aluminum 
nitride thin film layer and convectional UV curable resin 2 (thin film protecting film) were formed. The arrangements of 
Example 1 and Comparative Example 1 are set forth in Table 1 and Table 2 below. 



Table 1 





Example 1 






MATERIAL 


FILM THICKNESS 


YOUNG'S MODULUS 
(Pa) 


LINEAR EXPAN- 
SION COEFFICIENT 


so 










(iy*q 




TRANSPARENT 


POLYCARBONATE 


0.6 mm 


2.41 E+09 


6.00E-05 




SUBSTRATE 












THIN FILM LAYER 


ALUMINUM 


79 nm 


3.43E+11 


5.60E-06 


55 




NITRIDE 










THIN FILM PRO- 


UV CURABLE 


16 nm 


1.80E+09 


7.10E-05 




TECTING FILM 


RESIN 1 
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Table 2 



5 


Comparative Example 1 






MATERIAL 


FILM THICKNESS 


YOUNG'S MODULUS 
(Pa) 


LINEAR EXPAN- 
SION COEFFICIENT 
(1/»C) 


10 


TRANSPARENT 
SUBSTRATE 


POLYCARBONATE 


0.6 mm 


2.41 E+09 


6.00E-05 




THIN FILM LAYER 


ALUMINUM 
NITRIDE 


79 nm 


3.43E+11 


5.60E-06 


15 


THIN FILM PRO- 
TECTING FILM 


UV CURABLE 
RESIN 2 


15pm 


1.80E+09 


5.62E-05 



[0050] Table 1 and Table 2 reveal that the difference between Example 1 and Comparative Example 1 was the liner 
20 expansion coefficient of the UV curable resin (thin film protecting film 50), and the one having a larger linear expansion 
coefficient was used in Example 1 . As the transparent substrate 20, a disk having the minor diameter of 1 5 mm and the 
major diameter of 1 20 mm was used in both Example 1 and Comparative Example 1 . 

[0051 ] A temperature change (T=30°C) was given to the media of Example 1 and Comparative Example 1 (temper- 
atures of the media were raised from 25°C to 55°C), and a variation of warpage angles e at the outer circumference 
25 portion (r=56 mm) with time was analyzed. TTie reason why a variation of warpage angles was analyzed instead of the 
warpage angles itself is because the medium has its own warpage angles at normal temperature, and the warpage 
angles itself does not precisely represent deformation caused by a temperature change. 

[0052] Figure 4 shows the analysis results. Both the largest variation and normal state value of variation of warpage 
angles of the medium of Example 1 were smaller than those of the medium of Comparative Example 1. Thus, it is 

30 understood that deformation was suppressed in the medium of Example 1 . Figure 4 reveals that, according to Example 
1 , even if the film thickness was 20 pm or less, no significant temporal warpage occurred in response to a temperature 
change. Further, Figure 4 also shows predicted variations of warpage angles e calculated in accordance with Equations 
(1) through (5) above, and these predicted approximate values were very close to the actual values, thereby proving 
reliability of the approximate values. 

35 [0053] Next, the following will explain a medium (Example 2) using UV curable resin 3 having large Young's modu- 
lus. The medium of Example 2 had different UV curable resin characteristics from those in the medium of Example 1. 
The arrangement of Example 2 is set forth in Table 3 below. 



Table 3 



45 



50 



Example 2 




MATERIAL 


FILM THICKNESS 


YOUNG'S MODULUS 
(Pa) 


LINEAR EXPAN- 
SION COEFFICIENT 
(1/°C) 


TRANSPARENT 
SUBSTRATE 


POLYCARBONATE 


0.6 mm 


2.41 E+09 


6.00E-05 


THIN FILM LAYER 


ALUMINUM 
NITRIDE 


79 nm 


3.43E+11 


5.60E-06 


THIN FILM PRO- 
TECTING FILM 


UV CURABLE 
RESIN 3 


16pm 


3.60E+O9 


5.68E-05 



55 [0054] A variation of warpage angles 6 predicted by calculations in accordance with Equations (1) through (5) 
above was 5.18 mrad, and it is understood that warpage caused by a temperature change was reduced significantly 
compared with Comparative Example 1. 

[0055] As has been discussed, according to the optical information recording medium of the present embodiment, 
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temporal significant warpage caused by a temperature change can be suppressed. Thus, even when the temperature 
of the medium rises while information is recorded or reproduced, problems, such as defective reproduction, can be con- 
trolled. In addition, the thin film protecting film 50 can be made thinner. 

s (Embodiment 2) 

[0056] The present embodiment will explain an optical information recording medium which can prevent deforma- 
tion caused by a humidity change. 

io (J) Principle 

[0057] The optical information recording medium 10 of Figure 1 employs the substrate made of polycarbonate or 
the like as the transparent substrate 20. Thus, under high humidity circumstances, the transparent substrate 20 absorbs 
moisture and expands, thereby causing deformation of the optical information recording medium 10. In particular, when 

15 a moisture permeation degree of the substrate protecting film 30 is greater than that of the thin film protecting film 50, 
a deformation rate of the substrate 20 becomes faster than that of the thin film protecting film 50. Accordingly, large 
overshoot of a variation occurs when humidity actually changes, thereby raising a serious problem. 
[0058] In the present embodiment, the above problem occurring in practical use is solved by suppressing the over- 
shoot by making a moisture permeation degree of the substrate protecting film 30 smaller than that of the thin film pro- 

20 tectingfilmSO. 

@ Example 

[0059] A medium formed as Example 3 was identical with the medium of Example 1 above except that the substrate 
25 protecting film 30 made of UV curable resin 4 was additionally provided. A medium formed as Comparative Example 2 
for purpose of comparison was also identical with the medium of Example 1 except that the substrate protecting f ilm 30 
made of UV curable resin 5 was additionally provided. Moisture permeation degrees of the UV curable resins of Exam- 
ple 3 and Comparative Example 2 are set forth in Table 4 below. 

30 

Table 4 





SUBSTRATE PROTECTING FILM 


THIN FILM PROTECTING FILM 




FILM 


MOISTURE PER- 
MEATION DEGREE 
(g/rrr^day) 


FILM 


MOISTURE PERME- 
ATION DEGREE 
(g/rrr^day) 


EXAMPLE 3 


UV CURABLE 
RESIN 4 


2.20E+02 


US CURABLE 
RESIN 1 


4.60E+02 


COMPARATIVE 
EXAMPLE 2 


UV CURABLE 
RESIN 5 


9.70E+02 


UV CURABLE 
RESIN 1 


4.60E+02 



[0060] A humidity change was given to the media of Example 3 and Comparative Example 2 (ambient humidity was 
increased from 50% to 90%), and a variation of warpage angles 0 at the outer circumference portion (r=56 mm) with 
45 time was analyzed. 

[0061 ] Figure 5 shows the analysis result. The largest variation (at the overshoot) of warpage angles in Example 3 
was quite small compared with that in Comparative Example 2, and it is understood that deformation caused by a 
humidity change was suppressed in the medium of Example 3. 

[0062] The foregoing principles stand up for polycarbonate substrates or the like thinner than those used in Exam- 
50 pies 1 through 3, which will be explained in Example 4 as follows. 

[0063] A medium formed as Example 4 was identical with the medium of Example 3 except that the thickness of the 
substrate (transparent substrate) 20 was 0.5 mm (the arrangements are set forth in Table 5 below), and a variation of 
warpage angles 0 in response to the temperature change and humidity change was analyzed. 
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TabieS 



5 




MATERIAL 


FILM THICK- 
NESS 


YOUNG'S MOD- 
ULUS (Pa) 


LINEAR EXPAN- 
SION COEFFI- 
CIENT (1/°C) 


MOISTURE 
PERMEATION 
DEGREE 
(g/m 2 *day) 


10 


SUBSTRATE 

PROTECTION 

FILM 


UV CURABLE 
RESIN 6 


3>im 


6.8E+09 


5.0E-05 


2.2E402 




TRANSPAR- 
ENT SUB- 
STRATE 


POLYCAR- 
BONATE 


0.5 MM 


3.3E+09 


6.0E-05 




15 


THIN FILM 
LAYER 


ALUMINUM 
NITRIDE 


79 nm 


3.4E+11 


5.6E-06 




20 


THIN FILM 

PROTECTING 

FILM 


UV CURABLE 
RESIN 7 


12 nm 


5.9E+09 


7.2E-05 


4.6E+02 



[0064] Figures 10 and 1 1 show the analysis results. Figure 10 shows a transitional variation of tilt along radius in 
response to a temperature Change (a change from 25°C at 50% to 70°C at 30% was given), and Figure 1 1 shows a 
25 variation of tilt along radius in response to a humidity change (a change from 25°C at 60% to 25°C at 90% was given). 
The transparent substrate 20 had a minor diameter of 7 mm and a major diameter of 50 mm. The analysis results reveal 
that the foregoing principles stand up even in a case where a thinner transparent substrate 20 is used, and therefore, a 
variation of warpage can be also suppressed in such a case. 

[0065] As has been discussed, according to the optical information recording medium of the present embodiment, 
30 even if humidity changes, no temporal significant warpage occurs, thereby suppressing a problematic defective repro- 
duction when information is recorded and reproduced. 

[0066] In the optical information recording medium of the present embodiment, if the physical properties of the thin 
film protecting film 50 and substrate protecting film 30 are set so as to form the neutral plane of deformation caused by 
a temperature change within (or in the vicinity of) the thin film layer 40 as was discussed in Embodiment 1 , not only can 
35 deformation caused by a humidity change be prevented as was discussed herein, but also deformation caused by a 
temperature change can be prevented. 

[0067] As has been discussed, in the present invention, by arranging the optical information recording medium in 
such a manner that the neutral plane of deformation caused by a temperature change is present within (or in the vicinity 
of) the thin film layer, such as a magnetic film, a variation caused by a temperature change can be reduced, thereby 

40 enhancing information recording and reproducing reliability. 

[0068] Also, in the optical information recording medium, by making at least one of Young's modulus and linear 
expansion coefficient of the thin film protecting film larger than those of the transparent substrate, the thin film protecting 
film can be made thinner. Consequently, the optical information recording medium can be readily manufactured. More- 
over, in case of a magneto-optical recording medium, the magnetic characteristics can be improved. 

45 [0069] In addition, by providing a substrate protecting film having a smaller moisture permeation degree than that 
of the thin film protecting film, a variation caused by a humidity change can be reduced, thereby enhancing information 
recording and reproducing reliability. 

[0070] An optical information recording medium of the present invention, including at least a transparent substrate, 
a thin film layer formed on the transparent substrate and having at least one of a recording film and a reflecting film, and 
50 a thin film protecting film formed on the thin film layer and mainly made of resin, may be arranged in such a manner that 
the neutral plane of deformation in the film thickness direction caused by a temperature change while information is 
recorded and reproduced is present in the vicinity of the thin film layer. 

[0071 ] Also, an optical information recording medium of the present invention, including at least a transparent sub- 
strate, a thin film layer formed on the transparent substrate and having at least one of a recording film and a reflecting 
55 film, and a thin film protecting film formed on the thin film layer and mainly made of resin, may be arranged in such a 
manner that bending moments applied on the thin film layer from the both sides in the film thickness direction are sub- 
stantially equal. 

[0072] In addition, an optical information recording medium of the present invention, including at least a transparent 
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substrate, a thin film layer formed on the transparent substrate and having at least one of a recording film and a reflect- 
ing film, and a thin film protecting film formed on the thin film layer and mainly made of resin, may be arranged in such 
a manner that at least one of Young's modulus and the linear expansion coefficient of the thin film protecting film is 
larger than those of the transparent substrate, respectively. 
5 [0073] Further, an optical information recording medium of the present invention may be arranged in such a manner 
that the film thickness of the thin film protecting film is 20 nm or less. 

[0074] In addition, an optical information recording medium of the present invention, including at least a transparent 
substrate, a thin film layer formed on the transparent substrate and having at least one of a recording f flm and a reflect- 
ing film, a thin film protecting film formed on the thin film layer and mainly made of resin, and a substrate protecting film 
10 formed on the light incident side of the transparent substrate and mainly made of resin, may be arranged in such a man- 
ner that a moisture permeation degree of the thin film protecting film is smaller than that of the substrate protecting film. 
[0075] The neutral plane of deformation referred to herein means a plane expressed by a value of y when warpage 
angles e is almost 0 (zero) in Equations (1) through (5) above. 

[0076] The invention being thus described, it will be obvious that the same may be varied in many ways. Such var- 
15 iations are not to be regarded as a departure from the spirit and scope of the invention, and all such modifications as 
would be obvious to one skilled in the art are intended to be included within the scope of the following claims. 

Claims 

20 1 . An optical information recording medium including: 

a thin film layer (40), formed on a substrate (20). for recording and reproducing information; and 
a thin film protecting film (50), formed on said thin film layer (40), for protecting said thin film layer (40), 
a neutral plane of deformation in a thickness direction caused by a temperature change being present in a 
25 vicinity of said thin film layer (40). 

2. An optical information recording medium including: 

a thin film layer (40), formed on a substrate (20), for recording and reproducing information; and 
30 a thin film protecting film (50), formed on said thin film layer (40), for protecting said thin film layer (40), 

bending moments applied on said thin film layer (40) from a substrate (20) side and a thin film protecting film 
(50) side in response to a temperature change being substantially cancelled out with each other. 

3. The optical information recording medium of Claim 1 , wherein a thickness, Young's modulus, and a linear expan- 
35 sion coefficient are set to their respective desired values in each of said substrate (20), thin film layer (40), and thin 

film protecting film (50), so that the neutral plane of deformation in the thickness direction caused by a temperature 
change is present in the vicinity of said thin film layer (40). 

4. The optical information recording medium of Claim 3, wherein at least one of Young's modulus and the linear 
40 expansion coefficient of said thin film protecting film (50) is larger than one of Young's modulus and the liner expan- 
sion coefficient of said substrate (20), respectively. 

5. The optical information recording medium of Claim 3, wherein the thickness of said thin film protecting film (50) is 
20 \im or less. 

45 

6. The optical information recording medium of Claim 1 , further including a substrate protecting film (30), formed on 
said substrate (20) on a surface opposite to a surface where said thin film layer (40) is formed, for protecting said 
substrate (20), a moisture permeation degree of said substrate protecting film (30) being smaller than a moisture 
permeation degree of said thin film protecting film (50). 

50 

7. An optical information recording medium including: 

a thin film layer (40), formed on a substrate (20), for recording and reproducing information; 
a thin film protecting film (50), formed on said thin film layer (40), for protecting said thin film layer (40); and 
55 a substrate protecting film (30), formed on said substrate (20) on a surface opposite to a surface where said 

thin film layer (40) is formed, for protecting said substrate (20), 

a moisture permeation degree of said substrate protecting film (30) being smaller than a moisture permeation 
degree of said thin film protecting film (50). 
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8. An optical information recording medium at least including: 
a transparent substrate (20); 

a thin film layer (40) formed on said transparent substrate (20) and having at least one of a recording film (42) 
s and a reflecting film (44); and 

a thin film protecting film (50) formed on said thin film layer (40) and mainly made of resin, 

a neutral plane of deformation in a film thickness direction caused by a temperature change while information 

is recorded and reproduced being present in a vicinity of said thin film layer (40). 

10 9. An optical information recording medium at least including: 

a transparent substrate (20); 

a thin film layer (40) formed on said transparent substrate (20) and having at least one of a recording film (42) 
and a reflecting film (44); and 
is a thin film protecting film (50) formed on said thin film layer (40) and mainly made of resin, 

bending moments applied on said thin film layer (40) from both sides thereof in a film thickness direction being 
substantially equal. 

10. An optical information recording medium at least including: 

20 

a transparent substrate (20); 

a thin film layer (40) formed on said transparent substrate (20) and having at least one of a recording film (42) 
and a reflecting film (44); and 

a thin film protecting film (50) formed on said thin film layer (40) and mainly made of resin, 
25 at least one of Young's modulus and a linear expansion coefficient of said thin film protecting film (50) being 

larger than one of Young's modulus and a liner expansion coefficient of said transparent substrate (20), respec- 
tively 

11. The optical information recording medium of Claim 8, 9, or 10, wherein a film thickness of said thin film protecting 
30 film (50) is 20 um or less. 

12. An optical information recording medium at least including: 

a transparent substrate (20); 

35 a thin film layer (40) formed on said transparent substrate (20) and having at least one of a recording film (42) 

and a reflecting film (44); 

a thin film protecting film (50) formed on said thin film layer (40) and mainly made of resin; and 

a substrate protecting film (30) formed on a light incident side of said transparent substrate (20) and mainly 

made of resin, 

ao a moisture permeation degree of said substrate protecting film (30) is smaller than a moisture permeation 

degree of said thin film protecting film (50). 



45 



50 



55 
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Preliminary Amendment filed Vvich RCE 
Inventoi(s): N. Takamori, et al 
U.S.S.N. 10/002,949 / 
Page 9 of 14^^/ 

"Murakami neither discloses nor suggests imposing such a performance requirement on 
the materials used for the optical recording medium recited therein. Moreover, no extrinsic 
evidence has been presented to show or establish that the protective layers or transparent 
substrates of the optical recording media of Murakami necessarily possess t he linear expansion 
coefficients recited in claims 10 and 14, as currently amended. 

Applicants respectfully submit that the materials disclosed in the Murakami reference do 
not necessarily possess the properties of the claimed invention. Materials described in similar 
general terms can and often do have quite different properties, including different linear 
expansion coefficients. For example, as shown on the attached Table (Exhibit A), materials 
generically termed "acrylic UV curable resins" having similar principal components can 
, nevertheless have a range of linear expansion coefficients (in the Table, ranging from about 1.10 
x 10" 5 to about 1.46 x 10" 4 (1/°C) (note that the acrylic ester commercial product listed at the 
bottom of the Table does not have a linear expansion coefficient within the range required by 
the instant claims). It is clear that a reference disclosing an acrylic UV curable resin would not 
necessarily provide a disclosure of an acrylic UV curable resin having a linear expansion 
coefficient in a specific range. So it is with the Murakami reference, which at the portion cited 
by the Examiner (Column 8, lines 47-49), states that an "overcoat film" can be an "ultraviolet 
hardening resin from polyurethane acrylate series." This disclosure does not expressly nor 
inherently describe a protective film having a linear expansion coefficient of the greater than 
9.5 x 10" 5 (1/°C) and smaller than 5.0 x 10' 4 (1/°C), as required by the pending claims. 
Therefore, the Murakami reference does not and cannot anticipate the pending claims. 

For at least the reasons discussed herein, claims 10, 14, and 18 are patentable over the 
Murakami patent (Applicants note that claims 17-22 were not rejected under 35 U.S.C. §102(b) 
over Murakami). Claims 11-13, 15-17, and 19-22 depend from claims 10, 14 or 18 and are 
therefore also patentable over the Murakami patent. 



; . Separate Sheet A 



Acrylic UV Curable Resin 


Liner Expansion 
Coefficient of Protective 
Film (1/K) 


Acrylic UV Curable Resin. 


Principal Components 


A 


Mixture of 
Acrylate Oligomer 
(Acrylic Ester), 
Acrylate Monomer, 
and 

Photopolymerization 
Initiator 


9.70E-05 


B 


1.17E-04 


c 


1.15E-04 


D 


1.10E-04 


E 


1.12E-04 


F 


1.17E-04 


G 


1.13E-04 


H 


1.10E-04 


I 


1.15E^04 


J 


6.38E-05 


K 


8.60E-05 


L 


1.10E-05 


M 


1.46E-04 


Commercial Acrylic UV 
Curable Resin 


Acrylic Ester 
Compound 


6,01E-05 



V 



Note: Acrylic UV curable resins A^M are not commercial products, but are test 
products whose names are not given. 
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Response to Non-Final Office Action 
Inventor(s): N. Takamori, et al 
U.S.S.N. 10/002,949 
Page 6 of 7 

Claims 10-16 were rejected under 35 U.S.C. § 1 02(b) as being allegedly anticipated by 
Tachibana (U.S. Patent 5,102,709), and claims 10-22 were rejected under 35 U.S.C. §103(a) as 
being allegedly obvious in view of Tachibana. 

The resin composition disclosed in Example 3 of Tachibana (KAYARAD DPCA-30 
(70%), KAYARAD R-604 (25%), IRG-184, 5%) has a linear expansion coefficient of 9.0 x 10' 5 
(1/°C). As the Examiner will appreciate, this linear expansion coefficient is not within the range 
of values of the linear expansion coefficient recited by the pending claims (greater than 9.5 x 
10" 5 (1/°C) and smaller than 5.0 xlO^l^C)). Thus, this composition does not in fact possess 
the properties of the claimed invention, and cannot anticipate the pending claims. Applicants 
submit that there is no teaching or suggestion in Tachibana that the this resin or any other 
materials disclosed therein necessarily possess all the properties recited in the pending claims. 
Accordingly, the rejection of the pending claims is improper and should be withdrawn. 

Reconsideration and allowance of claims 10-22 is respectfully requested in view of the 
foregoing discussion. 

Conclusion 

This case is believed to be in condition for immediate allowance. Applicant respectfully 
requests early consideration and allowance of the subject application. 

Although no extension of time is believed to be required, Applicants conditionally 
petition for any extension of time needed. If for any reason a fee is required, a fee paid is 
inadequate or credit is owed for any excess fee paid, you are hereby authorized and requested to 
charge Deposit Account No. 04-1105. 
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